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INTRODUCTION 
In recent years, the consumption of beef as red meat has continued 
to increase and remains relatively high for many countries of the 
world. The citizens of the United _States have increased their total 
consumption of beef as red meat from a per capita civilian consump-
.. 
tion of 29 . 8  kg ( 65.6 lb ) per year for the years 194? through 1949 
to 50. 3  kg (110.9 lb) per year for 1973 {Crop and Livestock Report-
ing Service, 1973 ) .  However, the energy crisis has caused a re-
� 
examination of the efficiency of using red meat from beef cattle as 
a protein source.  Thus , the future of  beef as  red meat is c louded by 
the continuous scrutiny o! an energy conscious world. 
The demand for beef in recent years has increased the number of 
fed cattle marketed as slaughter cattle for most states in the United 
States. This expansion bas produced beef feedlots of larger capaci-
ties which concentrates beef animals in one location and causes a 
large accumulation of waste in a small area. 
A serious problem which faces every bee! feedlot operation is 
the removal and disposal of wastes from the feedlot . Presently, 
agricultural scientists are studying various methods by which the 
feedlot operation can remove its waste economically and dispose of 
them without harm to the environment . Recently beet cattle wastes 
are being examined as a resource as well as a liability to the feed-
lot operator. 
With the advent of the fuel crisis, the cost and availability of 
fertilizer has turned attention to the value of beef wastes as a 
source of nutrients for plant growth. In the past , the low concen­
tration of solids and nutrients in beef cattle wastes has prohibited 
the wastes from c ompeting economically with c ommerc ial fertilizer. 
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However , the fuel crisis has also reduced the distance that bee! 
wastes can be hauled from the feedlot and be economically feasible . 
As a resu�t , application of beef catt�e waste on land near the feedlot 
has reached levels which may be harmful to the growing crops .and to 
the soil . Sodium in the wastes can cause dispersion of the montmoril­
lonitic type clays in the soil or salts in the waste may cause exces­
sive osmotic pressures in the soil solution. 
Thus , the beef cattle waste which accumulates at the feedlot 
may be considered either an asset or a liability to the feedlot 
depending upon the nature of the o·peration. 
In order to  establish relationships between beef waste applica­
tion rates on the land and its effect o� soil , an experiment was con­
ducted at the Southeast South Dakota Experiment Farm. Beef steers 
were fed to a finished market weight from approximately 200 kg ( 441 
lb ) with a typical beef finishing ration which varied only in sodium 
chloride c ontent among the treatments.  The waste from each treatment 
was kept separate from the waste of the other treatments and spread 
at various rates on the soil. The objectives of this investigation 
were: 1) to establish a beef waste application rat e  on dryland that 
will permit crop production without excessive salt or sodium accumula­
tion in the soil and 2) to determine the effec t  of the sodium chloride 
levei in the ration on wastes produced and upon the soil where the 
3 
wastes are applied. 
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LITERATURE REVIEW 
The.literature related to animal waste management is extensive 
since there are a number of different types of animals used in agri­
cultural production and many different ways to dispose of waste. 
Recent literature discusses the wastes of hogs, sheep, poultry, dairy 
cattle, and beef cattle while describing the disposal of wastes by 
land disposal9 refeeding, aerobic digestion, or methane production. 
If all aspects of animal waste management are examined together the 
literature b eco mes too extensive; therefore, this literature review 
examines only that literature related to the disposal of beef cattle 
waste on the land. 
Chemical Properties of Beef Cattle Waste 
The early literature on the chemical properties of beef cattle 
waste focused on the fertilizer value of the waste b7 examining j.n 
detail.the N, P ,  and K content of waste material. Salter and 
Schollenberger (1939 ) found variation in the amount o f  N , P ,  and K 
in beef cattle waste when the waste was handled with different methods 
by the feedlot operation (Table 1 ) .  
With the arrival o f  environmental awareness and large feedlots 
becoming possible pollution sources , recent literature has expanded the 
chemical analyses of beef cattle wastes to include more e lements 
(Table 2) . Peterson et al. (1971) have also examined the amounts of 
B, Mn, C o, Cu , Zn, and Mo in wastes; but the wastes (swine, poultry , 
dairy, and beef) were mixed into one sample before analysis. 
The detailed chemical analyses of beef cattle waste contained in 
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Table l. Composition of beef cattle waste (Salter and Schollenberger, 
1939) . 
Type of Waste Usually 75-8o% water content 
kg/MT (lb/t) 
N P
205 K20 
Fresh steer waste with straw 5.50 (11) 3. 50 (?) '+. Bo (9. 6 )  
Stall waste, fattening cattle 6 . 00  (12) 3.10 ( 6 . 2 ) 5�6o ( 11. 2)  
Yard waste, fattening cattle 3.75 (7. 5) 2. 65 ( 5. 3 )  1. 55 (3. 1 )  
Table 2. Characteristics of animal wastes (Peterson et al., 1971). 
Animal Moisture N P K S Ca Fe Mg 
,; ----- kg/MT ------
(lb/t) 
Fattening cattle 80 7.0 2.0 4. 5 0 . 85 1 . 2  0.04 1.0 
(14.0) ( 4. 0) (9.0) (l. 7 )  ( 2. 4) (O.o8) (2.0) 
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recent literature (Tables 3 and 4) have showed the variability demon­
strated by Salter and Schollenberger. This data has also showed a 
great chemical variability between feedlots in different states. For 
example, the high value listed for Na content in Table 3 which is 
Nebraska data has a lower value than the lowest valu� for the Na content 
in Table 4 which is Kansas data. Various authors have studied differ­
ing feedlot conditions in an attempt to establish those conditions 
which affect the chemical characteristics of beef cattle waste. 
Gilbertson et al. (1971) have examined feedlot slope and animal densi­
ties in relation to the chemical characteristics of beef cattle waste 
concluding that these two factors have no definite relationship with 
the quality of the waste. Yet, these studies have suggested that 
climatic conditions had influenced the variability of the chemical 
characteristics of beef cattle waste. Frye et al. (1972) ·have found 
that the grams of NaCl fed per day per head of beef _cattle, directly 
influences the relative salinity of the feedlot waste and runoff 
water. They have showed that the relative salinity of the runoff water 
was almost linearly related to the grams of NaCl in the beef cattle 
ration. Therefore, research has indicated that the chemical analyses 
of beef cattle waste varies considerably from feedlot to feedlot and 
these analyses are unique for each feedlot. This uniqueness dictates 
that a chemical analysis of the waste is needed to characterize the 
beef cattle waste of any feedlot. 
Having reviewed the literature, I have presented Table 5 in this 
review as a comprehensive reference for the chemical characteristics 
Table 3. Banges of concentrations of chemical elements in wastes 
removed from outdoor, unpaved, beef cattle feedlots 
.(.Mccalla et al. , 1972). 
Chemical Elements 
Low High Mean 
ppm (dry weight) 
Na 547 1663 1048 
K 534 10199 4622 
Ca 299 4711 2562 
Mg 315 3145 . 1703 
Zn 25 62 45 
Cu 1.5 11.3 6.4 
Fe 195 9912 4o85 
Mn 24. 1634 509 
7 
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Table 4. Analyses of wastes from selected bee f  cattle feedlots (Powers 
et al. ,  1974).  
Feedlot Nutrient Content 
� (on dry weight basis) 
N p K Na Ca Mg 
1 2.05 0.83 2.28 1. 13 1.98 0.78 
2 3.50 1.00 2. 33 o.6o 0.50 
3 1.00 o. 4o 1.10 0.20 o. Bo o. 4o 
4 .o.88 0.58 0. 98 0.25 b.98 o.�3 
9 
Table 5. Average chemical characteristics of waste removed from out­
door, unpaved beef cattle feedlots (Gilbertson et al. , 1974). 
Characteristic 
a Feedlot 1 Feedlot 
Moisture Content (�} 97.2 82. 6 
pH ?.6 6. 6  
Electrical Conductivity (mmhos/cm) 3.7 3. 8  
Kjeldahl N ?810 lo490 
NH4-N 1390 lo4o 
N03-N 
1. 4 15.3 
Total P 96o Boo 
Na 1180 1110 
K , 4o8o 2890 
Ca 1900 1660 
Mg 1230 896 
Zn 16.8 11.5 
Cu 4.8 3. 5  
Fe 2480 1320 
Mn 91.8 54. 1 
a
Concentration values in ppm on dry weight basis unless otherwise 
noted. 
2 
of beef cattle wastes of the north central United States. 
Important Elements in Beef Cattle Waste Application to the Soil 
10 
Although this thesis closely examines the effects of sodium and 
salt in beef cattle wastes on the soil after waste application, it is 
important to review other elements that are present in the waste 
material. ·This section discusses briefly the relationships of N ,  P, 
and K in beef cattle waste to the N, P, and K in the goil after waste 
application to the soil. 
The conservation of N pr�sent in beef cattle waste has been 
studied extensively by Salter and Schollenberger (1939) who focused on 
the use of chemicals to prevent N volatilization, use of various types 
of bedding to absorb liquids containing N, hauling waste directly to 
the field with minimum storage, and immediate incorporation of waste 
into the soil. Daily hauling of waste to the field �nd immediate 
incorporation into the soil have been emphasized by Turk and Weidemann 
(1945) to prevent large losses of N through volatilization. The N 
applied to soil as beef cattle waste is considered to be predominately 
organic (Martin, 1970) . 
Anderson and Peterson (1973) have concluded that soil depleted o! 
native N by continuous cropping can be returned to its original N 
content by waste.application. Their data have indicated that Zl MT/ha 
(12.l t/a) of wet barnyard waste per year will eventually return the 
soil to its native N level. Experiments using average application 
rates for three years of O, 9 . 9, 20.2, 50 .4, 100 .8, 201.6, and 403.2 
MT/hB. (4 . 4, 9 . 0, 22 .5, 45 .0, 90.0, 180 .0 t/a) 
(dry weight basis) 
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by Mathers and Stewart (1974 ) have showed an increase in total soil N 
in the top 30 cm (11. 8 in )  of soil with each increase in application 
weight of beef cattle waste , while only a small total N increase 
occurs at the 30-60 cm (ll . 8-23 . 6 in )  depth and no total N increase 
oc curs at the 6o-90 cm (23.6-35.4 in ) depth. 
As lar.ge amounts of N are added to the soil by beer cattle waste 
and the total N c ontent of the soil is increased , a considerable portion 
of the added organic N is transformed rapidly. When beef cattle waste 
was mixed with soil in greenhouse experiments , about 50% of the N 
added to the soil in the waste was recovered in 90 days as evolved 
NH3, soil NH4, and soil N03 
(Mathers and Stewart ,  1970 ). 
The accumulation of soil NH4-N due to N transformation following 
beer cattle waste application has been detected in the field by Manges , 
Murphy and Goering (19?2 ) and Mathers and Stewart (1971 ) .  In the 
study conducted by Manges et al. (1972 ), germination of corn seed was 
reduced and the decrease in germination was partially attributed to the 
significant accumulation of NH4-N in the soil. Following beef cattle 
waste application , high concentrations of soil NH4-N were found at 
seeding time by Mathers and Stewart (1971 ); however , the concentrations 
decreased as the growing season progressed , except at extremely high 
rates where appreciable amounts remained after harvest .  
Soil NO -N accumulations due t o  organic N degradation after the 
3 . 
application of beef cattle waste have been examined c losely. Since 
NO -N is an anion which can leach through a soil profile of cation 3 
exchangers,(negative ly charged clays ) ,  N0
3
-N has been blamed for 
12 
polluting water supplies.  
Mathers and Stewart ( 1974)  and Murphy et  al. ( 1972) have found 
N03-H accumulations in upper 
soil horizons are not extremely large 
after first year beef cattle waste applications; however , continued 
annual applications of beef cattle waste have showed a definite increase 
in soil No
3
�N due to  accumulation from year to year. Both studies 
have indicated that soil N03
-N accumulations are directly related to 
the amount of beef  cattle waste applied to the soil. 
After three years o f  beef cattle waste application at an average 
of 123. 2  MT/ha ( 55 t/a) (dry weight basis) , Mathers and Stewart ( 1974) 
found small movement of N0
3
-N through the soil profile while larger 
amounts of N0
3
-N remained in the top 180 cm (70. 9 in) of soil. 
As with fertilizer N, a certain amount of N applied to the soil 
in beef cattle waste is not recovered when a N balance sheet ie con-
structed by exa�ing amounts applied , plant usage , and soil tests . 
After three yearly applications of 492.8 MT/ha ( 220 t/a) (dry weight 
basis), Mathers and Stewart were only able to account for .50% o! total 
applied N at the end of the three years . At lower . rates most of the 
added H could be accounted for. 
Application of beef cattle waste to the soil has increased the 
amount of extractable P (Mathers and Stewart, 1974) and sorbed P 
{Murphy et al. , 1972) in the soil. As application rates were increased, 
both forms of P in the soil increased. 
Murphy et al. ( 1972 )  questioned the availability of micronutrients 
such as Fe , Zn, and Cu at high beef cattle application rates due to 
the large amount of added P. The data collected by Murphy et al. 
( 1972) showed no depression of micronutrient concentration of forage 
13 
grown on soils receiving large amounts of beef cattle waste. Research 
by Abbott and Tucker (1973) indicated that the P in beef cattle waste, 
when applied to calcareous soil, is important due to the slow release 
of P from the waste to the soil solution. This may explain why micro­
nutrient deficiencies were not found by Murphy. 
According to Martin ( 1970), 85� of the ingested K appears in the 
beef cattle waste; therefore, a large application of beef cattle waste 
to the soil adds a large quantity of K which may disturb the nutrient 
balance in the soil and eventually the crops grown on the soil. 
When K is present in the soil in excessive amounts, plants may 
consume more K than is needed for normal growth (luxury consumption ) ; 
thus, the K to Mg ratio of forages grown on these soils is important 
due to hypomagnesemia (grass tetany). Beef cattle receiving forage 
high in K and low in Mg may develop hypomagnesemia vhich causes a 
swift death to the animal. 
Vitosh, Davis, and Knezek ( 1972 ) harvested corn silage which 
contained a K to Mg ratio capable of causing hypomagnesemia. The 
corn silage was grown on soil receiving beef cattle waste for nine 
consecutive years at 67.2 MT/ha (20 t/a) (wet weight basis with the 
last year's waste co ntaining 7rd> water). Vitosh et al. {1972) suggested 
that forage grown on soils receiving large amounts of beef cattle 
waste may have a large enough K to Mg ratio to warrant an addition of 
Mg to the feed if this forage is fed to beef or dairy animals. 
302788 
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The Relationship of Applied Beef Cattle Waste to Salt and Sodium 
Content of the Soil 
Experiments examining beef cattle waste are usually focused on 
the cations Ca , Mg, Na, and K and the salts of these cation� since 
these cations are the most abundant in beef cattle waste and the 
most impo�tant in affecting salinity and dispersion of soil. Soil 
salinity is affected by the salts which are added by beef cattle 
waste and soil colloids are influenced by the relative amounts of 
Ca , Mg, Na, and K added by the waste. In turn the amount of salt 
14 
and cation proportions in the waste are influenced by the contents of 
the forage used in the feed, any supplementary feed , and any extra 
salt added to the feed. 
The early literature of Salter and Schollenberger (1939) reported 
that salt fed to beef animals appears in their wastes in sufficient 
quantities at times to injure the quality of potatoes grown on land 
receiving large quantities of this waste. They attributed the bulk 
of the injury to the c:hloride ·in the waste. 
To monitor soil salinity as affected by beef · cattle waste appli­
cation, Murphy et al. (19?2); Mathers et al. (19?2); Evans, Goodrich 
and Munter (19?2); and Reddell, Egg, and Smith (1974 ) have used EC of 
the saturated soil extract; while Evans et al. (19?2) and Reddell et 
al. (1974) have also examined chloride content in the soil. 
Mathers et al. (1972) measured EC to a depth of �1. 4 cm (36. 0  
in) in the soil after three annual beef cattle waste applications of 
varying rates. The increase in the soil ' s EC was directly related 
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to the amount of beef cattle waste applied to the soil. The increase 
in F£ was found to be greater at the soil surface than at the 91. 4 cm 
(36.o in) depth; although, a waste rate of 123 .2 MT/ha (55 t/a) (dry 
weight basis) per year increased the .&:: slightly at the 91. 4 cm (36.b 
in) depth. 
A li.Itear· relationship was established by Murphy et al . ( 1972) 
between surface soil EC and the amount of beef cattle waste applied 
to that soil . As soon as waste application was discontinued, soil 
EC was reduced by nutrient removal through actively growing plants and 
continued leaching of salts into lower portions of the soil profile 
(Murphy et al ., 1972) . 
After only one beef cattle waste application of 70 .2 MT/ha ( 31.3  
t/a) (dry weight basis), Evans et al . ( 1972) found only a small 
increase (200 umhos/cm) in EC for the top 15 cm (5 .9  in) of the soil 
profile. Evans et al . (1972) also examined the chloride content in 
the soil profile after this waste application finding an increase in 
chloride concentration at all soil depths (0-15 cm, 15-30 cm, 30-61 
cm, 61-91 cm, 91-122 cm) (0-5 . 9  in, 5.9-11.8  in, 11.8-24 in, 24-36 in, 
36-48 in) with the largest increase ( 14 ppm to 155 ppm chloride) 
occurring at the 61-91 cm (24-36 in) depth. 
A direct relationship was also showed by Reddell et al . ( 1974) 
between the EC of the saturated soil extract of surface soil and the 
rate of applied beef cattle waste . The.� increased in the surface 
soil immediately after beef cattle waste application and decreased 
once the annual applications were discontinued. The chloride 
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concentration increased in the entire soil profile after spreading and 
dissipating gradually once waste application was stopped. 
With the possibility of Na or K or both at high concentrations 
dispersing soil colloids, Na and K have been examined in relation to 
reduced pl.cint growth on soils that have received large applications 
of beef cattle waste. Both WS and Exe Na or WS and Exe K are used to 
monitor the accumulation of either Na or K in soil after heavy waste 
applications. 
Reddell et al. (1974) have showed that WS Na and K increase 
directly in the top 30 cm (11.8  in ) of soil with the amount of beef 
cattle waste application. Murphy et al. (1972 ) bas demonstrated the 
same relationship for both Ext Na (Exe and WS) and Exe K. 
Cross, Ma.zurak, and Chesin (1971) used soil columns to study soil 
hydraulic conductivity as affected by the application- of beef cattle 
wastes. The leachate collected from columns contained increasing 
amounts of Na and K as the waste application was increased. Cross 
et al. (1971 ) concluded that the amounts of Na and K added in the beef 
cattle waste caused an imbalance of sorbed cations.resulting in 
dispersed colloids which reduced the soil's hydraulic conductivity. 
The ratio of Na to Ca and Mg in beef cattle waste has been 
suggested by Mathers et al. (1972 ) as being a very critical property 
when waste is applied to the soil. Dispersion hazard ratios which are 
compared to ratios found by dividing the relative weight of Na and K 
in beef cattle waste by the relative weight of Na, K, Ca, and Mg in 
that same waste have been published by Powers et al. (1974) . 
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The investigators listed in the above discussion have measured 
various chemical properties of the soil to monitor an increase in 
soil salinity or a change in exchangeable bases which may cause soil 
dispersion. Scientists generally agree that dispersion reduces plant 
growth by disturbing the air and water relations of the soil profile. 
However, r.educed plant growth on saline soils has remained a subject 
of serious debate among scientists. Some authors have suggested that 
increased osmotic pressures caused by the salts in the soil prohibit 
proper water uptake by the plant. Different authors have suggested 
that plants grown on saline soils are subjected to large nutrient 
imbalances which reduce plant growth by forcing the plant to absorb 
an excessive amount of improper nutrients. The following section 
discusses the different ide·as presented in the literature concerning 
plant growth on saline soils. 
The stage of plant growth at which saline soils are most injurious 
depends on the plant species. Ayers and Hayward ( 1948) found corn to 
be less susceptible to soil salinity at germination than barley or 
sugar beets; however, as plant growth continues corn shows less 
tolerance to saline soils than barley or sugar beets. 
Black ( 1968) discusses the three theories advanced to explain the 
influence of soil salinity on plant growth: the water availability 
theory, the osmotic inhibition theory, and the specific toxicity 
theory. 
The water availability theory suggests that the large amount of 
soluble salts in the soil solution increases the solute suction to such 
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an extent that water available to the plant is reduced. Slatyer (1968) 
explains that from thermodynamic considerations the increase in solute 
suction (called either solute suction or osmotic pressure) is added to 
the matric suction of the soil colloids to obtain the total force 
needed to remove water from the soil solution. Kramer (1969), after 
examining.the literature, concludes that this theory does not apply 
since soil roots would have to be perfect osmometers which is not the 
case. 
The osmotic-inhibition theory suggests that plant growth is 
reduced by the excess salts absorbed by the plant; however, no exact 
reason is given for growth reduction according to Black (1968). 
The specific-toxicity theory is examined in great detail by 
Black (1968), Magistad (1945), Hayward and Bernstein (1958}, and 
Kramer (1969} who suggest that the literature shows plant growth 
reduction on saline soils is more closely related to ion absorption 
into the plant. 
Chloride is named frequently by these authors as a cause of plant 
injury in soils containing high amounts of soluble salts. Salter and 
Schollenberger (1939) suggested that chloride was responsible for 
injury to potatoes with large applications of beef cattle waste to 
the soil. 
Magistad (1945) has suggested that the large amounts of exchange-
able Na present in saline soils decreases Ca availability and reduces 
plant growth. Experiments varying the relative amounts of Exe Ca and 
Na have demonstrated that increasing Exe Na while decreasing Exe Ca 
decreased yields of oats and wheat (Ratner, 1935). Leaf analysis 
data taken by Evans et al. (1972) and Vitosh et al. (1972) showed 
a decrease in Ca content in corn leaves taken from plants grown on 
soil receiving beef cattle waste. Vitosh et al. (1972) also found 
that the Ca content of corn silage was reduced by beef cattle waste 
application. 
However, Black (1968) concluded that the literature shows no 
particular ion can be singled-out for retarded plant growth on soils 
with high soluble salts; but rather that reduced growth is due to 
several different ions being excluded by the high concentration of 
salts. 
Beef Cattle Waste Application Rates on the Soil 
The objective of beef cattle waste application studies is to 
arrive at an application rate which will permit crop growth without 
causing excessive nutrient accumulation in the soil or soil damage. 
This section lists the beef cattle waste application rates suggested 
by various authors. Although many different units are used in waste 
management studies, this author lists rates in MT/ha (t/a) on a dry 
weight basis. 
After reviewing the literature, Aldrich (1973) concluded that 
one or two year applications of 168 to 225 MT/ha (75 to 100.4 t(a) 
of beef cattle waste seldom causes an adverse effect on yields of 
corn, sorghum, or forage grasses. 
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An application of 70. 2 MT/ha (31. 3 t/a) for one year resulted in 
corn grain yield higher for the plot receiving beef cattle waste 
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( 6502 kg/ha) (5800 lb/a ) than the check plot (6o?6 kg/ha) ( 5420 lb/a ) 
(Evans et al., 1972) . 
According to Cross et al. (1971), for corn under irrigation a 
beef cattle waste application of 269 MT/ha ( 120 t/a ) for one year 
increased corn yields while an application of 582 MT/ha ( 259 . 8  t/a ) 
for one year decreased corn yields significantly. 
The investigations of Reddell et al. (1974) found that beef 
application rates of 86. 9  and 134. 4  MT/ha (38 . 8  and 60 t/a ) for three 
consecutive years to irrigated crops did not decrease crop yields or 
cause damage to the soil. 
Mathers and Stewart (1974) recommended 9 MT/ha (4 t/a ) for a 
.
continued yearly application of beef cattle waste without any nutrient 
accumulations in irrigated soils. Any application rate exceeding 9 
MT/ha (4  t/a ) established a nutrient accumulation in the soil. 
Vitosh et al. ( 1972)  recommends a yearly dry-land beef cattle 
waste application of betw�en 6 and 18 MT/ha ( 2.7 and 8 t/a ) without 
any unnecessary nutrient accumulation in the soil. The exact recom­
mendation rate depends considerably on the soil texture and the crop 
use. 
Powers et al. (1974) have completed the most comprehensive guide 
for beef cattle waste application rates. By using nomograms, the 
reader can arrive at the continuous rate which is safe for his parti­
cular situation. The different nomograms represent beef cattle waste 
application to irrigated or dry-land soils; soils of fine, medium, or 
coarse textures; and soils resulting in medium or low soil salinity. 
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The literature indicates that the disposal of wastes on soil may 
change the chemical properties of the soil enough to alter plant 
growth. The two hazards considered to be closely related to the dis-
posal of wastes on soil are soil dispersion and soil salinity. Thus, 
various soil chemical analyses which are directly related to disper-
. .  
sion and salinity are used to monitor the changes in soil chemistry. 
The objectives of this thesis are to measure the changes in Exe 
Ca, Exe Mg, Exe Na, Exe K ,  and m in soil receiving varying amounts of 
waste and to use these data to· predict future problems due to either 
soil dispersion or soil salinity. By monitoring the level of Exe Ca, 
Exe Mg, Exe Na, and Exe K in the soil, the dispersion hazard can be 
predicted and related to the chemical characteristics of the waste. 
Electrical conductivity is used to detect an increase in soil salinity 
which is related to the amount of waste applied to the soil and to 
the amount of salt present in the waste. 
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MATERIALS AND METHODS 
In August 1973 sixteen pens with eleven steers in each pen were 
established at the Southeast South Dakota Experiment Farm . Eight pens 
with dimensions of 7. 62 by 4.88 m ( 25 by 16 ft ) were located in a 
cold confinement environment while eight pens with -dimensions of 
13. 11 by 4 . 88 m (43 by 16 ft ) were located in an open environment . All 
pens were surfaced with concrete . Boards were placed between each pen 
to prevent any mixing of waste from each pen and at the end of each 
pen to retain all solids and liquids in the waste . 
Four different rations were composed by varying oniy the NaCl 
content in the feed. The fou; levels of NaCl were 0.00%, 0 . 25%, 0. 5()%, 
and 0. 75% NaCl added to the. ration by weight on a dry-weight basis . 
Fa.ch NaCl level was fed to the same four pens, . two in the cold confine­
ment environment and two in the open environment, for the duration of 
the feeding trial . Concrete partitions were built in the feed bunks 
between each pen to prevent any mixing of rations or animal consump­
tion of the wrong ration . Thus, the feeding phase consisted of four 
NaCl levels, two environments, and two replications to constitute 
sixteen pens . 
After arrival to the farm, beef steers averaging 201. 1  kg ( 443. 4 
lb) were fed baled alfalfa hay until 6 August 1973 at which time they 
were fed a corn silage, alfalfa hay, antibiotic, and supplemented­
molasses ration which contained differing amounts of NaCl for differ­
ent pens. The feeding trial was started on 4 September 1973 with the 
ration containing corn silage, antibiotic, supplemented-molasses, and 
ground limestone with the NaCl level varying among treatments .  On 
29 December 1973, the corn silage in the ration used after 4 Septem­
ber 1973 was replaced with chopped alfalfa hay and this ration was 
used until the steers weighing an average of 447.7 kg ( 987 . 2  lb) 
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were marketed on 20 May 1974. The amounts of the ingredients in the 
ration were.shifted during the feeding trial to fulfill the nutritional 
needs of beef steers being finished for market . 
Field plots with dimensions of 36.6 by 6.1 m ( 120 by 20.ft ) were 
established on Egan silty clay-loam soil (Table 6) at the Southeast 
South Dakota Experiment Farm. The field design was a randomized 
complete block including treatments containing four waste rates of 
44.8, 89. 6, 134. 4 and 179 . 2  MT/ha (20, 4o, 60, and 80 t/a ) dry waste 
and two types of waste with one type being a combination of the waste 
from the pens receiving o.� and 0. 25% NaCl in the ration and the 
other type of �aste being a combination of the waste from the pens 
receiving 0 • .5()% and 0. 75% NaCl in the ration. Since the animals were 
split into open environment and cold environment , nearly equal amounts 
of waste from each environment were applied to each plot . The design 
contained four replications with one check plot in each replication. 
Therefore , the experiment consisted of four replications , four waste 
rates, two types of waste, and four check plots for a total of 36 
plots. 
A waste sample from each pen was. taken for moisture analysis at 
each hauling date.  Also , waste samples from each pen were collected 
for complete chemical analysis twice in October 1973, and once in 
24 
Table 6. Detailed profile description of the Egan silty clay loam soil. 
(This is an approved soil series description from the State 
Soil Scientist's office.)  
Location: Southeast Agricultural Experiment Farm, Centerville, South 
Dakota. 
Classification : Typic Haplustoll; fine silty, mixed mesic. 
Parent Material : Loess over glacial till. 
Physiography: Nearly level plain with low broad ridges. 
Salt or Alkali: None. Land Use: Cropland. 
Stoniness : None above 68 . 6  cm (27 in) .  Erosion: Slight. 
Slope : l� c onvex. 
Drainage: Well drained. 
Horizon 
Ap 
B21 
Continued 
Depth 
cm 
( in )  
0-1?. 8 
(O-?) 
17. 8-38. 1 
(?-15) 
Permeability: Moderate. 
Ground Water: Deep. 
Desc�iption 
Dark grayish brown (lOYR 4/2) silty clay 
loam, very dark brown ( lOYR 2/2- ) moist; 
weak fine granular structure; soft, very 
friable, slightly sticky; slightly acid; 
abrupt smooth boundary. 
Brown ( lOYR 5/3) silty c la7 loam, very 
dark grayish brown (lOYR 3/2) moist, 
crushing to dark brown (lOYR 3/3), moist; 
weak medium prismatic structure; parting 
to weak coarse and medium subangular 
blocky structure; slightly hard, friable 
slightly sticky; neutral; gradual wavy 
boundary. 
Continued 
Horizon 
B22 
B3ca 
IICl 
IIC2 
Depth 
cm 
(in) 
38.1-61.0 
(15-24) 
61. 0-?8. ? 
(24-31) 
?8.?-lo6.7 
(31-42) 
106.7-152. 4 
(42-60) 
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Description 
Grayish brown (2. 5Y 5/2) silty clay loam, 
dark grayish brown (2 • .5Y 4/2) moist; weak 
coarse prismatic structure parting to 
weak coarse and medium subangular blocky 
structure; slightly hard, friable, slight­
ly sticky; neutral; clear smooth boundary. 
Light brownish gray (2.5Y 6/2) silty clay 
loam, grayish brown (2.5Y 5/2) moist; 
common fine distinct strong brown (7.5YR 
5/8) mottles; weak coarse subangular 
blocky structure; hard, friable, slightly 
sticky; common fine distinct accumulations; 
mariy medium soft lime segregations; strong 
effervescence; moderately alkaline; 
gradual wavy boundary. 
Light brownish gray (2.5Y 6/2) clay loam, 
olive brown (2.5Y 4/4) moist; common fine 
distinct strong brown (?.5YR 5/8) mottlesi 
moderate coarse prismatic structure part­
ing to moderate coarse suba.ngular blocky 
structure; hard, firm, slightly sticky; 
common fine brown accumulations; many fine 
soft lime segregations; strong efferves­
cence; moderately alkaline; gradual wavy 
boundary. 
Light brownish gray (2.5Y 6/2) clay loam, 
dark grayish brown (2.5Y 4/2) moist; 
many fine distinct strong brown (7. 5YR 
5/8) and yellowish red (5YR 4/8) mottles; 
moderate coarse subangular blocky struc­
ture; hard, firm slightly sticky; common 
fine and medium brown accumulations; 
common lime segregations; strong effer­
vescence; strongly alkaline. 
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Dec ember 1973, February 1974, March 1974, and April 1974. The complete 
c hemical analysis included analyses for the c ations Ca, Mg, K ,  and Na. 
The moisture content was determined by the freeze-dry method. An 
extract was obtained from the waste by ashing a dry-waste sample at 
450°C, extracting with 6N HCl twice, and diluting the extrac t  to 100 
ml ( millil±ters ) with distilled water (Chapman and Pratt, 1961 ). Ca, 
Mg, K ,  and Na were determined by atomic adsorption {Isaac and Kerber, 
1971) on this extract .  
Ea c h  load o f  waste c ame from one pen and was spread o n  a given 
plot. F.a.ch load was weighed on a sc ale so that ac curate applic ation 
rates could be determined. Since the moisture content was known for 
each pen and the total weight was known for eac h load the total dry­
matter �aste applied to eac h  plot could be calculated. Records were 
kept so that the final application rate to each plot would be known. 
An attempt was made to apply an equal amount of waste from the pens 
receiving the two low NaCl levels (0.00% and 0. 25%) in the ration to 
certain designated plots and the two high NaCl levels (0. 50% and 0. 75%) 
to certain designated plots. It proved too impractical to apply equal 
amounts of waste from di fferent NaCl levels on each plot ; thus, waste 
was applied as equally as possible to each plot from the two respec ­
tive NaCl levels. The weight of waste from each NaCl level was recorded 
for each plot as it was applied in the field. 
For the remainder of this paper I will refer to the plots receiv­
ing waste from animals consuming the O.� and 0. 25% NaCl ration as low 
NaCl treatment, while those plots rec eiving waste from animals consuming 
the o • .5()% and 0.75% NaCl ration as high NaCl treatment. 
Waste was applied three times in the fall of 1973 and each plot 
that received waste was chisel plowed to incorporate the waste. After 
the third fall hauling, which was in November 1973, all waste was 
stored on concrete slabs or plastic sheets in an open environment until 
March 1974 • . . In March 1974 all stored waste was hauled to the field and 
all pens were cleaned and the wastes hauled to the ··rield. This and 
all subsequently hauled wastes were not incorporated until the hauling 
of April 1974 at which time all plots were chisel plowed. After the 
last waste hauling in May 1974 all plots were moldboard plowed to 
turn over about 20 cm (7 . 9  in) of soil. 
The final waste application records showed that the average rate 
applications were 32.72, 93. 34, 127. 45, and 171. 12 MT/ha ( 14. 61, 
41. 6?, 56. 90, and 76. 39 t/a) which varied some from r�tes proposed 
originally. 
After moldboard plowing all plots were disked and harrowed to 
establish a seedbed . The plots were planted on 24 May 1974 to corn 
(Zea mays L. ' Funks G-4252 • )1 at about 4?, 000 plants per hectare 
( 19, 000 plants per acre ) with Thimet ( O, O-Diethyl S-(ethylthiomethyl) 
phosphorodithiate ) at 1. 12 kg/ha (1  lb ) of  actual ingredient and 
Ramrod 20-G ( 2-Chl�ro-N-isopropyl acetanilide ) at 6. 16 kg/ha (5.5 lb/a) 
1
Trade names are used in this thesis. solely for the purpose of 
providing specific information. Mention of a trade name does not con­
stitute a guarantee or warranty of the product by this Department over 
other products not mentioned. 
of actual ingredient applied in bands over the corn .  Due to poor 
germination related to seedbed quality and low rainfall, seven plots 
were replanted by hand on 19 June 1974. 
Leaf samples were collected for plant analyses from all plots 
during the final week of July 1974. Leaves were taken from opposite 
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and below ·ears which had silks white in color. Samples were dried at 
. 
100°C, ground with a stainless steel screen, and analyzed for Ca, Mg, 
Na, and K by spark-emission spectroscopy. 
The corn from each plot was harvested as silage on 9 September 
1974 by removing all the forage from two 76. 2 cm  (30 in) rows from a 
length of 9 . 14 m ( 30  ft) .  The silage was weighed and subsamples for 
moisture analysis were taken by removing grab samples of the forage 
after it passed through the chopper. The dry matter yields were 
calculated from the total forage weight and moisture . analysis of the 
subsamples. 
On 18 September 19?4, ear corn �ields were obtained by picking 
the ears from two 76. 2  cm ( 30 in) rows 9. 14 m ( 30  ft ) in .length. All 
ears were weighed and the mid-sections of 12 ears were removed to 
obtain the moisture content of those ears. 
All forage was removed from the plots on 26 September 1974 in 
order that waste hauling could begin. 
In October 1973, soil samples were taken by a Giddings soil 
sampling probe with a 3. 3 cm ( 1. 3  in ). diameter from 34 plots. Three 
sampling holes were made on each plot and these were pooled to form 
one sample. Samplings were made at depth increments of 0 to 30.5 cm 
(O  to 12 in) ,  30. 5 t o  61.0  cm { 12 to 24 in ) , 61. 0  to 91. 4  cm ( 24 to 
36 in ) , and 91. 4 to 152. 4 cm ( 36 to 6o in) .  In September 1974 , all 
36 plots were sampled in the manner described above. 
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All soil samples were placed in polyethylene bags for transport 
to the laboratory . Samples were permitted to air dry at least 72 
hours before being ground with a Nasco-Asplin Soil Grinder and sieved 
through a 2 mm (0.079 in) screen. 
All soil analyses and the cation analyses of .the wastes were 
completed by the Water Quality Laboratory at South Dakota State Univer­
sity. The waste extracts and moisture analyses of  the waste were 
prepared by Danny C. Ronning , former Research Assistant in Animal 
Science at South Dakota State University . 
Soil samples taken in October 1973 and September 1974 were ana­
lyzed for WS Ca , Mg , Na , and K ;  Ext Ca , Mg , Na , and K ;  and pH. · Water 
soluble Ca , Mg , Na , and K were obtained by analysis of the saturated 
extract ( Bower and Wilcox ,  1965) by atomic adsorption ( Isaac and 
Kerber , 1971) .  Extractable Ca , Mg, Na , and K were determined by an 
atomic adsorption analysis ( Isaac and Kerber , 1971 ) of  an NH4Ac extract 
(U.S.  Salinity Laboratory Staff , 1954) .  Electrical conductivity 
(U.S.  Salinity Laboratory Staff, 1954) was determined using the 
saturated extract . Soil pH determinations were made on the soil ' s 
saturated paste . 
The initial soil analyses revealed extremely high values for 
Ext Ca and Mg for most plots below 30. 5  cm ( 12 in) and for some plots 
at the o to 30. 5 cm (O to 12 in) depth. The soils on which the plots 
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are located have free Caco3 and related salts in the profile . Thus, 
it was concluded that the free Caco3 and related salts were respon­
sible for the high and erroneous values for Ext Ca and Mg. When free 
Caco3 is present in the soil profile, analysis for Ext Ca using 
NH4Ac results in measurement of Ca activity above the true activity 
in the soiY ( Heald , 1965 } .  
Cation exchange capacity (U. S. Salinity Laboratory Staff, 1954 } 
was determined for selected plots which were representative of the 
particular soil area and which may have a varying cation exchange 
capacity due to the large amount of added waste. 
Statistical analyses included several analyses of  variance of a 
factorial experiment in a randomized complete block design (Steel and 
Torrie, 196o ) . Also, multiple regression analyses were used to isolate 
the specific affects of NaCl level and waste rates on yield, Exe Na, 
Exe K ,  and EC .  
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Table 7 .  The average amount o f  waste applied t o  the field treatments 
from each cattle treatment ( environment and NaCl level ) .  
NaCl Proposed Environment Averar Treatment Rate Con .. a Open Con. Open Rate 
% NaCl in the Ration 
o.oo o. oo 0 . 25 0. 25 
MT/ha 
( t/a ) 
Low 44. 8  5.71 11. 51 5 . 72 15. 58 38 . 52 
( 20) ( 2. 55 )  ( 5. 14 )  ( 2 . 55 )  ( 6 . 96 )  ( 17 . 25 )  
89. 6  29. 17 28 . 98 17. 86 25. 45 101. 46 
( 40) ( 13 . 02 )  ( 12.94)  ( 7 . 97 )  ( 11 . 36 )  ( 45. 30) 
134. 4 27 . 39 30. 83 38. 96 :;8 . 02 135. 20 
( 60) ( 12 . 23 )  ( 13 . 77 )  ( l? . 41 )  ( 16 . 98 )  ( 6o . 38 )  
179 . 2 46. 6o 31. oa 42. 70 49 . 18 169 . 55 
( 80) ( 20 . 81 )  ( 130 87 )  ( 19 . o6 )  ( 21 . 96 )  (75 . 70 )  
% NaCl in the Ration 
Oca50 0 • .50 0 . • 75 0 . 75 
High 44. 8  o.oo 13. 07 12. 22 1 . 65 26 . 92 
( 20)  (0.00) ( 5. 83 )  ( 5 . 45)  { 0. 74 )  ( 12.02 )  
89. 6  19. 77 21. 68 18. 47 25. 61 85. 32 
( 40 )  ( 8 . 83 )  ( 9 . 68 )  ( 8 . 24 )  ( 11 . 43 )  ( 38 . 09 )  
134. 4 31 . 23 36. 51 24. 67 27 . 30 119. 70 
( 6o ) ( 13 . 94)  ( 16. 30 ) ( 11 . 01 )  ( 12 . 19 )  { 53 . 44)  
1?9 . 2  38 . 71 50. 02 37. 84 46. 12 172 .69 
{ 80)  ( 17., 28 )  ( 22. 33 )  ( 16 . 89 )  ( 20. 59 )  ( 77 . 10) 
8This abbreviation means confinement . 
b
All rates are in terms of dry matter applied. 
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Table 8 .  The average waste analyses for all s ix  collections . 
� NaCl 
in the Pen Total of 
Feed Environment No. Ca Mg Na K Cations 
% 
o. oo Confinement 4 1. 19 0. 76 o. 49 3. 22 5. 66 
9 1. 16 0. 75 o. 41 3. 19 5. 51 
Open 6 1. 16 0.76 0. 38 3. 01 5. 31 
13 1. 14 0.76 0. 35 3. 02 5- Zl  
0. 25 Confinement l 1. 25 0.77 0. 73 3. 14 5. 89 
12 1. 23 0.75 o. 84 3. 15 5. 97 
Open 7 1. 09 0.76 0. 65 3. 16 5. 66 
16 1. 10 0.72 0.75 3. 05 5. 62 
0. 50 Confinement 2 1. 22 0. 76 1. 10 3. 26 6. 34 
10 1. 29 0.79 1. 15 3. 46 6. 69 
Open 8 1. 20 0.78 1.04 3. 28 6. 30 
15 1. 04 0. 69 0.97 2.85 5. 55 
0. 75 Confinement 3 1. 17 0. 74 1. 58 3. 20 6. 69 
11 - 1 . 15 0. 75 1. 49 3. 23 6. 62 
Open 5 1. 11 0.71 1 . 22 3. 11 6 . 15 
14 1. 06 0. 71 1. 36 3. 24 6. 37 
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Table 9 .  The average silage yields and ear corn yields for plots 
receiving the indicated waste rate and NaCl treatments . 
Proposed NaCl 15. 5% Moisture 0 . <:11> Moisture 
Rate Treatment Ear Corn Yield Silage Yield . 
MT/ha bl/ha bu/a MT/ha t/a 
(t/a ) 
Check 39. 22 45. 08 5 . 67 2. 53 
44. 8  Low 55. 19 63. 43 8 . 47 3.78 
( 20) 
High 35 . 27  40. 54 6 . 72 3. 00  
89. 6  Low 62. 32 71. 64 7 . 54 3. 37 
( 4o ) 
High 54. 50  62. 65 7 . 86 3. 51 
134. '+ Low 52 .77 6o. 65 5 . 98 2. 67 
( 6o )  
High 61.00 70. 11 6 . 68 2.98 
179 . 2  Lov 62. 1:9 71. 48 7 . 68 3. 43 
( 80 )  
.6. 37 2 . 85 High 53. 89 61. 94 
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However, a multiple regression analysis using ear corn yield as 
the dependent variable and waste rate and amount of applied Na as the 
independent variables was able to establish an equation which explained 
only 16% of the variation. 
The early season corn growth appeared to favor the lower waste 
rates; howe-ver , these differences in appearance lessened as the c orn 
reached maturity. The corn growth also revealed a randomness within 
. treatments which occurred later in both the silage and ear corn yields . 
The randomness of yield within treatments indicated that factors 
other than the defined variables were influencing results . Applica­
tion time of the waste seemed to be closely related to the differences 
in yield , but no concrete results were found with a closer examina� 
tion. 
Leaf analyses data are given in Table 10 (Append?-x Dl-D2 ) .  
According to Jones ( 1967 ) , these Ca values are in the sufficient and 
high ranges while all the K values are in the excessive range. The 
Mg values are in the sufficient range with only the check treatment 
being in the high range. The differences between the treatments are 
nonsignificant for Ca and K ,  but are significant at the . 01 level for 
Mg.  The data indicates that the level of Mg in the leaf dropped as 
the amount of applied waste increased. 
The reduction of  Mg in the leaf with increasing waste applications 
indicates a possibility of decreased Mg content in the total forage. 
If this assumption proves true and if the same trend occurs in forage 
grasses , hypomagnesemia could become a problem when these forages are 
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Table 10. The leaf analyses from corn plants grown on plots receiving 
the a indicated waste rate and NaCl treatments . 
Proposed NaCl 
Rate Treatment K Ca Mg 
MT/ha % 
C t/a) 
Check 2. 61 0.55 0. 51+ 
44.8 Low 2. 61 0 . 53 0.39 
( 20) 
High 2 . 59 0. 55 o. 44 
89. 6  Low 2. 58 0. 51 0. 36 
( 1+0) 
High 2. 68 0 . 53 0 . 31+ 
134. 4 Low 2. 61 o. 48 0.32 
( 6o) 
High 2 . 65 0. 52 0. 30 
179 . 2  Low 2. 69 0� 47 0 . 32 
(Bo)  
High 2. 52 o. 46. 0. 26 
aAll Na analyses were less than 0.01%. 
grazed by animals not receiving a Mg enriched supplement. 
Exe Na, Exe K ,  and EC of the Soil 
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The rainfall for the months between and including the months 
when the Fall 1973 and Fall 1974 soil samplings were collected are 
given in Table 11. The amount of rainfall received for these 12 
months was 'i8.75 cm (7 . 38 in) less than that normally received during 
this 12-month period. 
An examination of the soils data for all depths indicated no 
change in Exe Na, Exe K ,  or ID at any depth except the 0 to 30. 5 cm 
(O to 12 in ) depth. This lack of movement is related to the reduced 
rainfall for the year and the lack of leaching water. Thus, all 
statistical analyses were restricted to the 0 to 30. 5 cm ( 0  to 12 in) 
depth. The mean values for the various soil treatments are given in 
Table 12 (Appendix El-E8 ) for the 0 to 30. 5  cm ( 0  to 12 in )  depth. 
The results from the �lysis of variance for Exe Na are given 
in Table 13. The results show that the main effects of waste rate 
and NaCl treatment are nonsignificant. Since the experiment was 
designed to measure changes due to waste rate and NaCl treatment, the 
nonsigni ficance of these main effects seems to reduce the usefulness 
of the data. However , since the seasonal change, Fall 1973 to Fall 
1974 ,  represents the change in soil conditions due to the application 
of waste, the variable of season is needed in the main effect or inter­
action before that main effect or interaction is useful for this 
investigation . 
· The significance of the season main effect, the seas
on by waste 
Table 11. Summary of the rainfall from the Fall 1973 soil sampling 
to the Fall 1974 soil sampling. 
Amount 
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Amount Average for Received Minus 
Month Year Received 
cm in 
October 1973 3 . 00  ( 1 . 18 )  
November ·1973 3.91 ( L . 54 )  
December 1973 1 . 78 (0. 70)  
January 1974 0. 51 (0. 20)  
February 1974 0. 10 (0. 04) 
March 1974 2 . 44 ( 0. 96 )  
April 1974 1 . 65 (.0. 65 )  
May 1974 9 . 83 ( 3. 87 )  
June 1974 7 . 87 ( 3 . 10)  
July 1974 4. 47 ( 1 . 76 )  
August 1974 6. 25 ( 2 . 46 )  
September 1974 2. 38 ( 0 . 94)  
Total 44. 19 ( 17 . 4o ) 
the Month 
cm in 
3. 66 ( 1. 44 ) 
2 . 41 ( 0. 95 )  
1 . 68  ( 0. 66 )  
1 . 50  (0. 50 )  
2. 41 ( 0 . 95 )  
3. 45 ( 1 . 36 )  
5. 69 ( 2 . 24)  
9 . CYJ  ( 3. 57 )  
10. 97 ( 4. 32 )  
7. 75 ( 3. 05)  
7 . 54 ( 2. 97 )  
6.81 ( 2 . 68 )  
62. 94 ( 24.78 ) 
the Average 
cm in 
-0. 66 ( -0. 26 )  
1 . 50  ( 0. 59 )  
0. 10 ( 0 . 04) 
-0. 99 < -0. 39 )  
-2. 31 ( -0. 91 ) 
-1. 01 (-O . l+o )  
-4. o� C -1. 59)  
0.76 ( 0. 30) 
-3. 10 ( -1. 22 ) 
-3. 28 ( -1. 29)  
-1 . 29 < -0. 51)  
-4. 43 C -1. 74) 
-18. 75 C -7 .·38 ) 
Table 12. 
Proposed 
Rate 
MT/ha ( t/a ) 
44. 8  ( 20 )  
89. 6  ( 4o )  
134. 4 ( 60) 
179. 2  (80) 
Soil analyses for plots receiving varying amounts of waste . 
NaCl Fall 19?3 Fall 1974 
Treatment Exe N a  Exe K EC Exe Na Exe K 
- meq/lOOg - umhos/cm - meq/lOOg -
Low 0 . 25 o. 48 682 0. 15 0.85 
High o.o8 o . 46 46o 0. 18 o.88 
Low 0.06 0. 82 724 O. Z"/ 1.86 
High 0.04 0.76 713 0. 36 1. 47 
Low 0 . 10 0 . 80 683 0.38 2. 46 
High o.o6 0.77 745 0. 54 1.76 
Low o.oB o.84 923 0. 33 2. 18 
High 0.06 0.71 830 0. 56 1 .93 
EC 
umhos/cm 
2418 
1928 
4873 
3956 
5886 
5456 
4903 
6016 
� 
\0 
Table 13. Analysis of variance results 
Source df 
Season ( S ) 1 
Waste Rate ( W )  3 
NaCl Treatment (N ) 1 
Repljcation ( R )  3 
s x w 3 
S x N l 
W x N 3 
S x W x N  3 
S x R 3 
W x R 9 
S x W x R 9 
N x R 3 
S x N x R 3 
W x N x R 9 
Error 9 
a 
• •  is significant at the .Ol level. 
• is significant at the . 05 level . 
NS is nonsigni ficant at the .05 level. 
4o 
for Exe Na in soil. 
Mean Square a 
l . o686 • • 
0. 4576 NS 
0. 1723 NS 
0. 0126 
0. 1281 • • 
0 . 1434 • 
0. 0211 NS 
0 . 0043 NS 
0.0162 
0.0186 
. o . oo83 
0.0186 
0.0076 
0 . 0137 
0.0112 
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rate interaction , and the season by NaCl treatment interaction suggests 
that a real difference exists for Exe Na with varying rates of waste 
and with different types of waste which reflect different types of 
rations . The mean values given in Table 14 (Appendix Gl-G5) for the 
significant tests show a larger increase in Exe Na for higher waste 
rates and higher NaCl treatments .  
After determining the _ significance o f  the various e ffects by the 
analysis of varianc e ,  a multiple regression analysis was performed to 
predict the change in Exe Na. The dependent variab1e was defined as 
the change in Exe Na from the Fall 1973 sampling to the Fall 1974 
sampling , while the independent variables were defined as the actual 
amount of applied waste and the amount of Na applied in the waste . 
A summary of the applied waste and Na is given in Table 15 (Appendix 
Cl ) .  The amounts of applied Na were calculated using . the chemical 
analysis given in Table 8 (Appendix Bl-.B6 ) .  
The results of the multiple regression analysis are given in 
Table 16. The amount of applied Na was more efficient in predicting 
the change in Exe Na than was the waste rate . The addition of waste 
rate to the equation failed to increase the predictive power of the 
equation and the equation was then nonsignificant . This is a logical 
result s ince the amount of applied Na is not independent of the waste 
rate ; however , by using the multiple regression analysis the indepen­
dent variable which best predicts the change in Exe Na was determined. 
The multiple regression analysis indicates that the simple linear 
regression equation using the weight of applied Na to predict the 
Table 14. The mean values for Exe Na ( meq/lOOg) for the main 
effects and interactions which are significant. 
Season 
Fall 1973 0. 09 Fall 1974 0. 35 
Proposed Rate 
MT/ha ( t/a ) 
44. 8  ( 20)  
89. 6  ( 40) 
134. 4 ( 60) 
179 . 2  ( 80 )  
NaCl 
Treatment 
Low 
High 
Season x Waste Rate 
Fall 1973 
0. 16 
0 .. 05 
o.oB 
0.07 
Season x NaCl Treatment 
Fall 1973 
0. 12 
0.06 
Fall 1974 
0. 16 
0. 32 
o. 46 
o. 45 
Fall 1974 
0. 28 
o .. 41 
42 
43 
Table 15. The average amount of Na, K, and total cations applied to 
soil receiving varying amounts of waste. 
Actual Amount of  
Proposed NaCl Applied Amount of Amount of Total Cations 
Rate Treatment Waste Na Applied K Applied Applied 
MT/ha MT/ha kg/ha kg/ha kg/ha 
( t/a) ( t/a) ( lb/a ) ( lb/a ) ( lb/a) 
44. 8 Low 38. 52 241 .. 51 i218. oo  2136. 73 
( 20)  ( 17 . 25) ( 215. 44)  ( lo87 . 50) ( 1907 . 79 )  
High 26. 92 351. 23 852. 86 1755. 22 
( 12.02 )  ( 313.32 )  (761. 48 )  ( 1567 . 16 )  
89. 6  Low 101 . 46 522. 69 3233. 37 5692. 96 
( 4o) ( 45.30) ( 466. 27 )  ( 2886. 94) ( 5083. 00 )  
High 85. 32 1042.03 Z/42. 45 5361. 36 
( 38 . 09 )  (929 .55) ( 2448. 62 )  ( 4786. 93)  
134. 4 Low 135. 20 . 867.66 4154. 89 7719. 61 
( 6o )  ( 60. 38 )  (774.01 )  ( 3709.73 )  ( 6892. 51)  
High 119.70 14,58 . 21 3889 . 10 7481. 01 
( 53. 44 )  ( 1300. 81 ) ( 3472. 41 )  ( 6679 . 47 )  
179. 2 Low 169 . 55 1006. 11 5143. 34· 9425. o8 
( 8o )  (75. 70)  (897 . 52 )  ( 4592. 27 )  ( 8415. 25)  
High 172. 69 2196. 37 5491. 66 11070. 22 
(77 . 10)  ( 1959 . 29 )  ( 4903.77 )  ( 9879. 13 )  
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Table 16. The equations developed for Exe Na from the multiple regres­
sion analysis, the significance of the equations, the per­
cent of  the variation explained by the equation, and the 
simple coefficient of determination. 
Percent of  variation a Equation explained by equation 
y = 0.0.5044 + 0. 00024 � - 0.000 1 z2 NS 70. 0  
y = 0.0.5007 + 0. 00024 z1 
• •  70. 0  
y = 0.05062 + 0. 00027 � - 0. 00003 x2 NS 70.0 
y = 0.05008 + 0. 00026 � • •  70. 0  
Y is the change in Exe Na. ( meq/lOOg) 
z1 is the kilograms of applied Na. (kg/ha) 
z2 is the waste rate� (MT/ha ) 
X1 is the pounds o f  applied Na. 
( lb/a) 
x2 is the waste rate. (t/a ) 
a 
• • is significant at the . 01 level. 
• is significant at the . 05 level. 
NS is nonsignificant at the .05 level. 
2 r 
. 69 
. 69 
change in Exe Na is s ignificant in explaining a large part of the 
variation. Using t his equation it is possible to predict the poten­
t ial for dispersion o f  soil from chemical analyses of the waste and 
chemical analyses of t he soil . It is also nec essary to make some 
assumpt ions c onc erning the types of c lay present in t he soil before 
predicting �he possibility of soil dispersion. The critical value 
of 15% Exe Na for dispersion of soil is open to question. Some soil 
scientists believe that this crit ical value varies with the types of 
c lay that are present in t he soil . 
The results from the analysis of variance for Exe K are given in 
Table 17 and the means for the signi ficant main effect s  are given in 
Table 18 ( Appendix Gl-G5) .  
Acc ording to Table 8 (Appendix Bl-B6 ) the amount o f  K in t he 
waste did not var:y with the change in NaCl in the ration. Thus , the 
waste rate is t he only variable which influences the amount of K 
placed on the soil and in turn any change in the Exe K .  However , 
since the application o f  K is still directly related to season as in 
the Na analys is , the season variable has to be present in t he e ffect 
in order that the e ffe c t  be useful to the invest igat ion . Thus , the 
important e ffec t  is the season by waste rate interaction which is 
nons igni ficant for Exe K. This says that there i s  n o  signific ant 
di fference in Exe K among the waste rate treatment s with the change 
in season .  
A mult iple regres sion analysis ( Ta ble 19 ) with the change in Exe 
K ,  from the Fall 1973 sampling to the Fall 1974 sampling , as the 
Table 17. Analysis of variance results 
Source df 
Season ( S) 1 
Waste Rate (W ) 3 
. .  
NaCl Treatment (N ) l 
Replication (R)  3 
s x w 3 
S x N 1 
W x N 3 
S x W x N 3 
S x R 3 
W x R 9 
S x W x R 9 
N x R 3 
S x N x R 3 
W x N x R  9 
Error 9 
a 
• •  is significant at the . 01 level. 
• is significant at the . 05 level.  
NS is nonsignificant at the . 05 level. 
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for Exe K in soil. 
Mean Square a 
14. 9286 • •  
2. o893 • •  
0. 6o64 NS 
0.0958 
0. 7536 NS 
0. 2876 NS 
0.0945 NS 
0.0958 NS 
0. 1701 
0 . 1442 
0 . 2010 
0. 1164 
0 . 1655 
o . o821+ 
o. o4o8 
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Table 18. The mean values for Exe K ( meq/lOOg) for the ma.in effects 
which are significant . 
Season 
Fall 1973 0 . 71 Fall 1974 1 . 67 
Waste Rate 
Proposed Rate 
MT/ha ( t/a) 
44 . 8  ( 20)  0. 67 
89. 6  ( 40 ) 1. 23 
134. 4 ( 60 )  1 . 45 
1?9 . 2 ( 80 )  1. 41 
Table 19. The equations developed for Exe K from the multiple regres­
sion analysis , the significance of the equations , the per­
cent of the variation explained by the equation , and the 
s imple coefficient of determination. 
a Percent of variation 2 Equation explained by equation r 
Y = 0. 22394 + 0. 02423 z1 - 0.00055 z2 NS 4o.o 
Y = 0. 19782 + 0. 00723 z1 • • 38. 3  • .38 
Y = 0. 22331 + 0. 05422 x1 - o.�61 x2 Ns 
Y = 0. 19777 + 0. 01620 x1 
• •  
. y is the change in Exe K .  ( meq/lOOg) 
� is the waste rat e .  (MT/ha ) 
z2 is the kilograms of applied K. (kg/ha) 
x1 is the waste rate�  ( t/a ) 
X2 is the pounds of applied K. ( lb/a ) 
a • •  is significant at the . 01 level. 
• is significant at the .05 level .  
NS i s  nonsignificant at the . 05 level. 
4o. o 
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dependent variable and waste rate and the amount of applied K ( Table 
15 , Appendix C2 ) as the independent variables found waste rate as 
the better parameter for predicting the change in Exe K .  Since waste 
rate and amount of applied K are not independent , adding the amount of 
applied K to the equation increased the amount of variation explained 
very littre . Even though the simple linear regression equation is 
significant at the . 01 level it explains very little of the variation 
leaving it unsuitable for prediction in the field. 
As explained in the Na discussion , the main e ffect o f  waste rate 
is of litt le use to this investigation since this main effect ignores 
the seasonal influence which is the important part of the investigation. 
The inability of the data to detect a significant change in Exe 
K for the season by waste rate interaction is probably related to the 
high amount of illite in South Dakota soils . With this type of clay 
it is difficult to accurately measure Exe K.  
The analyses o f  variance for EX:; is given in Table 20. As in the 
Exe Na and Exe K analyses , the significance of the main effect waste 
rate is of little use to the investigation. However , the significance 
of the season by waste rate interaction shows that there is a signi- · 
ficant difference among the waste rate treatments with the change in 
season. The mean values given in Table 21 (Appendix Gl-G5) show the 
EC seasonal change is greater for the higher waste rates . 
The nonsignificance of the season by NaCl treatment interaction 
indicates  that even though the variation in the total cation contents 
of waste is controlled by the Na content ( Table 8 ,  Appendix Bl-B6 ) , 
Table 20. Analysis of variance results 
Source df 
Season ( S )  1 
Waste ·Rat e  ( W ) 3 
NaCl Treatment ( N )  1 
. 
Replication (R)  3 
s x w 3 
S x N l 
W x N 3 
S x W x N 3 
S x R 3 
W x R 9 
S x W x R 9 
N x R 3 
S x N x R 3 
W x N x R  9 
Error 9 
a 
• •  is significant at the .01 level. 
• is significant at the .05 level. 
NS is nonsignificant at the .05 level. 
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for F.C in soil. 
Mean Square 
a 
8 2. 2016 x 10 • •  
1. 1624 x 107 • •  
2. 4292 x 105 NS 
1. 4291 x 10 6 
9. 0130 .x 10 6 • •  
5. 2498 x 104 NS 
7. 6699 x 105 NS 
8. 4562 x 105 NS 
1. 1470 x 10 6 
l.<Y773 x 10 6 
7 . 1483 x 105 
4. 4046 x 105 
4. 2689 x 105 
3 . 92o6 x io5 
3. 8936 x lo5 
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Table 21. The mean values for � (umhos/cm )  for the ma.in effects and 
interactions which are significant . 
Season 
- . 
Fall 1973 ?20 Fall 1974 4430 
Proposed Rat e  
MT/ha ( t/a ) 
44.8 ( 20 )  
89. 6  ( 4o )  
134. 4 ( 60 )  
179. 2  ( Bo) 
44. 8  ( 20 )  
89. 6  ( 4o ) 
134 . 4 ( 6o )  
179 . 2 ( 80 )  
Waste Rate 
1372 
2566 
3193 
3168 
Season x Waste Rate 
Fall 1973 
571 
718 
714 
877 
Fall 1974. 
2173 
4415 
5671 
5460 
the change due to the Na content is small when compared to the total 
cation content . 
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With the significance of the season by waste rate interaction , a 
multiple regression analysis ( Table 22 ) was performed to develop a 
regression equation for predicting the change in EC . The analysis 
included the change in EC ,  based on the change in EC from the Fall 
1973 sampling to the Fall 1974 sampling, as the dependent variable 
and waste rate and amount of total cations applied (Table 15 , Appendix 
C3)  as the independent variables . The waste rate was found to be a 
better parameter for predicting a change in F,c and the addition of 
the amount of total cations applied to this equation added little 
variation explanation while making the new equation nonsignificant . 
Although the simple linear regression equation for predicting 
a change in EC by using the waste rate is significant. at the . 01 
level , it is able to only explain approximately one-half of the varia­
tion. Thus ,  this equation is unacceptable for making field predic­
tions for a change in � due to a waste application. 
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Table 22. The equations developed for EC from the multiple regres­
sion analysis , the significance of ·the equations , the per­
cent of the variation explained by the equation , and the 
simple coefficient of determination. 
a Equation 
Y = 1220. 38 + 14.74 � + 0. 14 z2 NS 
Y = 1219. 26 + 23. 44 z1 
• •  
Y = 1220. 19 + 32. 76 X1 + 0. 16 �2 NS 
Y = 1218 . 90 + 52 • .50 x1 
• •  
Y is the change in :oo . (umhos/cm )  
z1 is the waste rate . (MT/ha) 
z2 is the kilograms of applied 
cations . 
x
1 is the waste rate . ( t/a ) 
Percent of variation 
explained by equation 
(kg/ha) 
53. 2 
53.0 
53. 2  
53. 0  
x2 is the pounds of applied c
ations . ( lb/a ) 
a 
• •  is signi ficant at the .01 level. 
• is significant at the . 05 level. 
NS is nonsignificant at the . 05 level. 
2 r 
. 53 
. 53 
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SUMMARY AND CONCLUSIONS 
A study was conducted to investigate the changes in soil chemistry 
due to the application of beef waste to the soil. The ob jective of 
the one year study was to monitor the changes in the Exe Ca , Exe Mg, 
Exe Na, Exc · .fC and EC of the soil resulting from the application of 
different types of waste and different amounts o f  waste. By measuring 
these soil chemical properties the investigation hoped to detect any 
increase in the potential for soil dispersion or any increase in soil 
salinity. Also , silage yields ,  ear corn yields, and leaf analyses 
were collected to measure the influenc e of waste application on grow­
ing crops . 
The investigation was unable to determine any conclusive relation­
ships between waste application and ear corn yields or silage yields. 
However, the dry season was conducive of variable results which made 
relationships difficult to establish. Also , other waste rate investi­
gators have reported yield results which included several seasons 
rather than results from a single season. 
The leaf analyses showed an inverse relationship between waste 
rate and Mg content in corn leaves .  This suggests that grass receiving 
large waste applications could be deficient in Mg. If this grass is 
then grazed by animals not receiving any supplemental Mg, hypomagnesemia 
may develop causing animal deaths9 
The early soil chemical analyses showed that the study could not 
monitor Exe Ca and Exe Mg since the soil profile contained large 
amounts of free Caco3 
and MgC03• 
Thus , Exe Na and Exe K were used 
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for predicting potential dispersion hazards . 
The Exe K data was variable and no significant differences were 
found among the waste rate treatments even though the means showed a 
definite increase in Exe K with the higher waste rates . It was con­
cluded that the variability in the Exe K data was related to the 
large amount o f  illite in South Dakota soils . 
A significant difference among treatments was found for Exe Na 
for the season by waste rate interaction and the season by NaCl treat­
ment interaction. A simple linear regression equation was derived for 
predicting the change in Exe Na by knowing the amount of Na applied 
to the soil by the waste . This equation was highly significant and 
explained ?0% of the data variation. 
A significant difference among treatments was found for the 
season by waste rate interaction for EC . A simple linear regression 
equation was deriv�d for predicting the change in EC by knowing the 
amount of waste applied to the soil. This equation was highly signi­
ficant , but was only able to explain 53% of the data variation . 
Therefore , the investigation showed that soil EC was increased 
significantly by increasing the amount of applied waste .  Even though 
no predictive equation was developed for the first year data , subse­
quent data may be useful in developing an equation. Also , an important 
equation for predicting increases in Exe Na was developed from the 
investigation data . 
These � and Exe Na results can be used by other investigators 
who are examining the change in soil chemistry when
 waste is added 
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to the soil. 
Since the nutrient content and moisture content of wast e  is 
. variable , analyses of the waste should be completed to c haracterize 
the waste prior to land application. Also , before wast e  is applied 
to soil sufficient analyses should be completed on the soil t o  
charact erize waste behavior in the soil. By knowing the character­
istics of the soil , the components of the waste , climatic conditions , 
and by knowing the crop to be grown on the soil it is possible to 
extrapolate the findings of this study to other soils and locations . 
With only one year of data , guidelines for the application of 
beef waste to soil are preliminary. After another cycle of waste 
application , more appropriate guidelines and recommendations can be 
made regarding the nutrient value and disposal procedures for beef 
wastes under dryland conditions. 
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A P P E N D I X  
Table Al. The amount of wastes applied to the soil of the low NaCl treatments .  
Proposed Replication Environment 
Rate Confinement Open Confinement Open 
% NaCl in the Ration 
o. oo o.oo 0. 25 0. 25 
Mr/ha MT/ha 
44. 8  I - - 15- 97 22.87 - -
II 5.78 11.74 - - Z?. 24 
III 17 .05 - - -- 16 . 89 
IV - - 18. 34 -- 18 . 19 
89 . 6  I 31.72 32. 84 21. 12 11. 18 
II 18. 14 35. 17 19.80 23. 36 
III 32.77 17. 56 16. 42 32. 30  
IV 34.05 30. 35 14., 09  34. 97 
134 . 4  I 42.76 4o. 30 33. 87 22. 44 
II 18 . 14 19. 46 65. 88 25. 89 
III 36.04 37. 61 23. 43 50.00 
IV 12. 63 25.96 . 32.64 53.76 
179 . 2  I 44. 6o  48 . 18 Z"/ .78 45. 14 
II 46. 23 14.09 LK>. 39 69. 55 
III 50.51 38. 35 51. 65 28. 52 
IV 45.07 23. 68  44.96 53. 51 
Total 
Waste 
38 . 84 
44. 76 
33.94 
36. 53 
96. 86 
96. 47 
99. 05 
113. 46 
139 - 37 
129. 37 
147.oB 
124. 99 
165.70 
176. 26 
169.03 
167. 22 
Average 
Rate 
38 . 52 
101. 46 
135. 20 
169 . 55 
0\ 
N 
Table . A2. The amount of wastes applied to the soil of the low NaCl treatments . 
Proposed Replication Environment 
Rate Confinement Open Confinement Open 
� NaCl in the Ration 
o. oo o.oo 0. 25 0. 25 
t/a t/a 
20 I - - 7 . 13 10. 21 - -
II 2. 58 5. 24 - - 12. 16 
III 7 . 61 - - -- ? . 54 
IV - - 8 . 19 - - 8 . 12 
4o I 14. 16 140 66 9. 43 4. 99 
II 8 . 10 15.70 8. 84 10. 43 
III 14. 63 7. 84 7 e 33 14. 42 
IV 15. 20  13. 55 6. 29 15. 61 
60 I 19. 09 17.99 150 21 10.02 
II 8 . 10 8 . 69 29 . 41 11. 56 
III 16.09 16.79 10. 46 22. 32 
IV 5 . 64 11. 59 14. 57 24. 00 
Bo I 19 . 91 21. 51 12. 4o  20. 15 
II 20 . 64 6. 29 20.71 31.05 
III 22. 55 17. 12 23.o6 12.?3 
IV 20. 12 10.57 20.CYl 23. 89 
Total 
Waste 
17. 34 
19. 98 
15. 15 
16. 13 
43. 24 
43.07 
44. 22 
50 . 65 
62. 31 
57.76 
65. 66 
55. 80 
73. 97 
78. 69 
?5. 49 
74. 65 
Average 
Rate 
17. 25 
45. 30  
6o.38 
75. 70 
0\ 
"' 
Table A3. The amount of wastes applied to the soil of the high NaCl treatments. 
Proposed Replication Environment 
Rate Confinement Open Confinement Open 
� NaCl in the Ration 
0. 50 0. 50 0.75 0.75 
MT/ha MT/ha 
44.8  I - - 21.o8 23. 30 - -
II - - 4.64 13.62 - -
III - - 26. 54 -- - -
IV - - - - 11.94 6. 58 
89. 6  I 22. 89 26. 48 11.92 39. 40  
II 15. 01 21. 28 12.12 23.i?9 
III 20.97 16. 53 25.76 17411 29 
IV 20.20 22. 44 24.o6 21.95 
134. 4 I 40.05 16. 40  35. 14 33. 22 
II 26.68 41. 42 24.02 21. 95 
III 31. 47 44. 64 8 .62 35. 95 
IV 26.70 43057 30.89 18.08 
179. 2  I 3Q.6o 67.87 14. 47 53. 65 
II 33. 4o 39. 24 26.86 56. 47 
III 40.?0 43. 39 58. 35 'Z"/.04 
IV 50. 15 49. 57 51.68 47. 33 
Total 
Waste 
44. 38 
18. 26 
26. 54 
18. 52 
100. 69 
72w 20 
80. 55 
88. 66 
124.81 
114.07 
120.68 
119.24 
166. 59 
155.97 
169. 48 
198 .73 
Average 
Rate 
26. 92 
85. 32 
119·. 70 
172. 69 
0\ 
.;:-
Table A4. The amount of wastes applied to the soil of the high NaCl treatments . 
Proposed Replication Environment 
Confinement Open Confinement Open 
% NaCl in the Ration 
0. 50 0. 50 0.75 0.75 
t/a t/a 
20 I - - 9 . 41 10. 40  - -
II - - 2.07 6.o8 - -
III - - 11.85 - - - -
IV - - - - 5. 33 2 .94 
40 I 10. 22 11.82 5. 32 17. 59 
II 6.70 9. 50 5. 41 10. 62 
III 9 •. 36 7 . 38 11. 50 1.72 
IV 9.02 10002 10.74 9 .80 
I 
60 I 17. 88 7 . 32 15. 69 14.83 
II 11. 91 18. 49 10.72 9o80 
III 14.05 19.93 3.85 16.05 
IV 11.92 19. 45 13.79 8 .07 
Bo I 13. 66 30. 30 6. 46 23.95 
II 14. 91 17. 52 11.99 25. 21 
III 18 . 17 19. 37 26.05 12.0? 
IV 22. 39 22. 13 23 . 07 21. 13 
Total 
Waste 
19. 81 
8. 15 
11. 85 
8. 27 
44. 59 
32. 23 
35.96 
39. 58  
55. 72 
50.92 
53.88 
53. 23 
74. 37 
69. 63 
75. 66 
88.72 
Average 
Rate 
12.02 
38. 09 
53. 44 
77 . 10 
0\ 
V1 
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Table Bl. Waste analyses for the first October collection. 
% NaCl 
in the Pen Total of 
Feed Environment No. Ca Mg Na K Cations 
% 
o.oo Confinement 4 1. 23 0.75 0 .51 2. 83 5. 32 
9 1. 23 0 .. 72 o .48 3. 02 5. 45 
Open 6 1.31 0. 65 o.41 2. 'Z? 4. 64 
13 1 .28 o. 68 o. 40 2. 61 4. 97 
0.25 Confinement 1 1 . 35 0.74 0. 80 2. 68 5. 57 
12 1 . 29 0.69 0. 83 2 . 50  5. 31 
Open 7 1. 16 0.72 0. 80 2 . 68 . 5. 36 
16 1. 26 o. 68 0. 76 2 . 61 5. 31 
0 • .50 Confinement 2 J... 43 0.77 1. 15 2.84 6 . 19 
10 1. 42 0.75 1 .52 . 3. o8  6 . 77 
Open 8 1. 43 0. 79 1 . 19 2.73 6 . 14 
15 1.19 0. 65 1 . 10 2. 45 5. 39 
0.75 Confinement 3 1.26 0. 70 1.81 2.84 6 . 61 
11 1 .15 0. 73 1 . 63 2.91 6. 42 
Open 5 1. 2? 0.70 1. 44 2. 63 6 .04 
14 1 . 20 0. 67 1. 57 2.75 6 . 19 
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Table B2. Waste analyses for the second October collection. 
� NaCl 
in the Pen Total of 
Feed Environment No . Ca Mg Na K Cations 
% 
o.oo Confinement 4 0.76 0.72 0. 30 3 . 44 5. 22 
9 OCD79 o.66 0. 18 2 . 62 4. 25 
Open 6 0.76 0.77 0. 24 3.76 5. 53 
13 0.91 0.89 0. 20 3. 37 5. 37 
0. 25 Confinement 1 0.98 0. 80 0. 51 3 .75 6 . 04 
12 o. 86 0. 77 o. 64 3. 84 6. 11 
Open 7 1.00 o. 88 o. 42 4.o8 6. 38 
16. o. 86 0.74 . 0. 39 3.66 5. 65 
0.50 Confinement 2 0.82 0.77 0. 82 4.02 6 . 43 
10 o.84 0 .. 75 0.70 . 3 .86 6 . 15 
Open 8 0.81 0.79 0. 69 3.73 6 . 02 
15 0. 77 0.73 0. 55 3. 05 5. 10 
0. 75 Confinement 3 0.92 0.79 0.96 3. 46 6. 13 
11 0. 81 0.72 o.88 3. 39 5. 80 
Open 5 0.76 0.74 o.84 3 . 30 5. 64 
14 o.Bo 0.76 0.78 3 .79 6. 13 
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Table B3. Waste analyses for the December collection. 
% NaCl 
in the Pen Total of 
Feed Environment No. Ca Mg Na K Cations 
% 
o.oo Confinement 4 0.77 0.72 0. 25 3 . 62 5.36 
9 0.82 0.79 0. 25 3. 87 5.73 
Open 6 0. 74 0.79 0. 23 4.01 5.77 
13 o. 66 0.75 0. 15 3 . 43 4.99 
0. 25 Confinement l 0.75 0. 74 o. 44 3. 43 5. 36 
12 Oo72 Oa.73 0. 75 3 �98 6. 18 
Open 7 o. 66 0. 67 0 . 32 3. 47 5. 12 
16 0. 62 0.71 0.50 3. 44 5 .27 
0 • .50 Confinement 2 0.75 0.72 0.93 3 .67 6 . 07  
10 0.79 0.78 1 . o8  . 4.o6 6 •. 71 
Open 8 0. 61 0.72 o. 68 4. 39 6.4o 
15 0. 65 0.70 0.73 3 . 47 5. 55 
0. 75 Confinement 3 0.76 0. 73 1 .55 3 .98 7.02 
11 0. 71 0. 76 1 .56 4. 'Z? ? - 30  
Open 5 0. 63 0.70 0. 70 3 . 32 5 .35 
14 0. 61 0.73 1. 21 4. 19 6.74 
Table B4. Waste analyses for the February collection. 
� NaCl 
in the Pen Total of 
Feed Environment No. Ca Mg Na K Cations 
� 
o.oo Confinement 4 l. lt-5 0.77 0. 51 2.96 5. 69 
9 1 .37 0.76 o. 47 3 .03 5. 63 
Open 6 1. 42 o.68 o. 43 2 . 50  5. 03 
13 1 . 34 0.72 0. 39 . 2 .67 5. 12 
0 . 25 Confinement 1 1 . 44 0,,73 0. 81 2 .72 5.70 
12 1 .64 Oe76 0.96 2 .84 6 . 20 
Open 7 1. 24 0.73 0. 78 2.81 5. 56 
16 1 . 36 0.71 0.76 2. 65 5. 48 
0.50 Confinement 2 1. 49 0.76 1. 18 2.90 6. 33 
10 1.49 0.76 o. 47 • 3.03 5.75 
Open 8 . 1 .55 0. 76 1 . 19 2.78 6 . 28 
15 1. 25 0. 67 1. 11 2. 54 5. 57 
0.75 Confinement 3 1. 2? 0. 69 1 . 59 2.78 6.33 
11 1 .62 0. 77 1 .54 2.81 6. 74 
Open 5 1 .35 0. 69 1 . 37 3 .64 7.05 
14 1. 25 0. 67 1 • .50 2.75 6. 17 
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Table B5. Waste analyses for the March collection. 
� NaCl 
in the Pen Total of 
Feed Environment No., Ca Mg Na K Cations 
% 
o.oo Confinement 4 . 1. 30 0. 79 0. 54 2 .99 5. 62 
9 L. 26 0. 74 o. 49 3 . 10 5. 59 
Open 6 1. 39 0. 69 o. 43 2. 42 4.93 
13 1. 38 0.74 o. 43 2. 81 5.36 
0. 25 Confinement 1 1. 41 0.77 0 .. 83 2.81 5.82 
12 1. 32 0.71 0. 85 2 .. 57 5.45 
Open 7 1 .. 24 0. 77 o. 86 2. 86 5.73 
16 1. 34 0.72 0 . 80 2.77 5.63 
0 • .50 Confinement 2 1. 37 0.73 1 . 10 2.70 5.90 
10 1. 58 0.83 1 . 69 . 3. 44 7 . 54 
Open 8 1 .48 0.81 1. 23 2. 82 6.34 
15 1. 19 0.65 1. 10 2.46 5. 40 
0.75 Confinement 3 1 .26 0.71 1 . 81 2.84 6. 62 
11 1 .14 0.72 1 . 62 2 .90 6. 38 
Open 5 1 .22 0.70 1. 39 2 .54 5.85 
14 1 .24 0.69 1. 62 2.85 6. 40 
71 
Table B6 . Waste analyses for the April collection. 
% NaCl 
in the Pen Total of 
Feed Environment No. Ca · Mg Na K Cations 
% 
o.oo Confinement 4 1.65 0.80 0.80 3 . 49 . 6. 74 
9 1. 49 0.83 o. 6o 3. 48 6. 4o 
Open 6 1 . 32 0.71 0. 55 3. 12 5.70 
13 1.29 0 .77 0. 51 3. 22 . 5.79 
0. 25 Confinement 1 1.57 o.84 1 .00 3 . 47 6.88 
12 1 . 57  0.85 1 . 00  3. 16 6.58 
Open 7 1 . 25 0.78 0.72 3.05 5.80 
16 1. 18 0.76 1 . 26 3. 19 6.39 
0.50 Confinement 2 1. 46 0. 81 1 . 4o 3 . l+o  7.07 
10 1.64 0. 87 1 . 46  • 3. 28 7 •. 25 
Open 8 1. 29 0. 78 1 . 25 3. 20 6. 52 
15 1.20 0.75 1 . 21 3 . 12 6. 28 
0. 75 Confinement 3 1 .56 0. 81 1 . 75 3 . 31 7 . 43 
11 1 . 49 0.80 1 . 69 3 .09 7.07 
Open 5 1 . 42 0.74 1 . 56 3 . 22 6.94 
14 1. 23 0.72 1 . 50  3 . 12 6. 57 
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Table Cl. The amount of Na applied to soil receiving varying amounts 
of waste .  
Proposed 
Bate NaCl Actual Applied Amount of Na 
MT/ha Treatment Replication Waste Applied 
( t/a) MT/ha t/a kg/ha lb/a 
44.8 · ·  Low I 38. 84 17. 59 278 .75 248 . 66 
( 20)  II 44e 76 19. 98 273. 46 243.94 
III 33. 94 15. 15 236. 22 210. 72 
IV 36 . 53 160 31 177. 62 158. 45 
High I 44. 38 19. 81 556 . 88 496. 77 
II 18 . 26 8. 15 296 .. 85 264. 81 
III 26. 54 11.85 246. 6o 219.98 
IV 18 . 52 8. 27 304. 59 271.71 
89. 6  Low I 98.86 43. 24 468.?8 418. 18 
( 4o) II 96. 47 43. 07  457 . 18 40? . 83 
III 99.05 44. 22 477. 93 426 . 34 
rv . 113. 46 50. 65 686. 88 612.74 
High I 100. 69 44. 59 1287 . 30  1148 . 35 
II 72. 20 32. 23 842. 13 751. 23 
III 80.55 35. 96 
·
957. 69 854. 32 
IV 88. 66 39. 58  loBo.99 964. 31 
134. 4 Low I 139 - 37 62. 31 830. 12 74o. 52 
( 6o ) II 129.37 57.76 864. 30 771.01 
III 147.oB 65. 66 876. 92 782. 27 
IV 124. 99 55. 80 899 . 30  8o2. 23 
High I 124.81 55.72 1449. 46 1293. 01 
II 114.07 50. 92 1339. 80 1195. 18 
III 120. 68 53.88 1486. 29 1325. 86 
r.v 119. 24 53. 23 1557. 29 1389. 20 
179. 2  Low I 165.70 ?3-97 1045.99 933.09 
( 80) II 176. 26 ?8.69 1151. 79 1027. 47 
III 169.03 75. 49 956 . 67 853. 41 
r.v 167.22 74. 65 870.00 776.09 
High I 166. 59 74. 37 1986. 80 1772. 35 
II 155.97 69. 63 2057. 40 1835.33 
III 169.48 75. 66 2241. 94 1999-95 
IV i98 .73 88. 72 2499. 33 2229 . 55 
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Table C2. The amount of K applied to soil receiving varying amounts 
of waste.  
Proposed 
Rate NaCl Actual Applied Amount of K 
MT/ha Treatment Replication Waste Applied 
( t/a ) MT/ha t/a kg/ha lb/a 
44. 8  Low I 38. 84 17 . 59 1248 . 54 1114.77 
( 20)  II 44.76 19. 98 1399. 38 1249 . 45 
III 33. 94 15. 15 1101. 98 983. 91 
IV 36. 53 16. 31 1122. 10 1001.88 
High I 44. 38  19. 81 1413. 81 1262. 33 
II 18. 26 8 . 15 599 - Zl 535.o6 
III 26. 54 11. 85 817 . 59 7'29- 99 
IV 18. 52 8 . Z? 580.77 518.54 
89. 6  Low I 98. 86 43. 24 3198. 81 2856. oB  
( 4o) II 96. 47 43 . 07  3137. 22 2801. 09  
III 99. 05 44. 22 3102. 26 2769 .87 
IV· 113. 46 50. 65 3495. 20 3120.71 
High I 100. 69 44. 59 3063. 43 Zl35. 20 
II 72. 20 32. 23 237.9- 19 2124. 28 
III 80. 55 35. 96 2555.84 2282.00 
r.v 88 . 66 39. 58 2971. 34 2652. 98 
134. 4 Low I 139- 37 62. 31 44ol. 22 3929 . 66 
( 6o )  II 129. 37 57. 76 396o . 30  3535.98 
III 147.oB 65. 66 4415. 24 3942. 18 
IV 124. 99 55. 80 3842 . 80 3431. oB  
High I 124. 81 55. 72 4111. 34 3670. 84 
II 114. 0? 50.92 3675. 30 3281. 52 
III 120. 68 53. 88 3824.92 3415. 10 
I.V 119. 24 53. 23 3944.85 3522. 19 
179 . 2  Low I 165. 70 73. 97 4967. 35 4435.13 
(80)  II 176. 26 78. 69 5536. 33 4943. 15 
III 169. 03 75. 49 5016 . 14 4478 . 69 
IV 167. 22 74. 65 5053. 54 4512. 09 
High I 166� 59 74. 37 4988 . 69 4454. 19 
II 155. 97 69. 63 4785. 41 4Z?4. 69 
III 169.48 75. 66 5617 . 24 5015. 39 
IV 198. 73 88. 72 6575. 29 5870. 80 
Table c3. 
Proposed 
Rate 
MT/ha 
C t/a ) 
44.8 
( 20)  
89. 6  
( 4o) 
134.4 
( 6o )  
179.2  
( 80) 
?4 
The amount of the total cations applied to soil receiving 
varying amounts of waste. 
NaCl Actual Applied Amount of Total 
Treatment Replication Waste 
MT/ha 
. .  Low I 38. 84 
II 44. 76 
III 33. 94 
IV 36. 53 
High I 44. 38 
II 18. 26 
III 26. 54 
IV 18. 52 
Low I 98 .86 
II 96. 47 
III 99.05 
IV 113. 46 
High I 100. 69 
II 72. 20 
III 80. 55 
IV 88 . 66 
Low I 139. 37 
II 129. 37 
III 147 . oB  
IV 124. 99 
High I 124.81 
II 114. 0? 
III 120. 68 
I.V 119. 24 
Low I 165. 70 
II 1?6. 26 
III 169. 03 
IV 167. 22 
High I 166. 59 
II 155. 97 
III 169. 48 
IV 198. 73 
Cations Applied 
t/a kg/ha 
17. 59 2316 . 38  
19. 98 2172. 86 
15. 15 2073 . 66 
16. 31 1984. 0l 
19.81 2834. 33 
8 .15 1314. oo 
11 .85 1571. 76 
8.27 1300. 79 
43 .24 5614. 19 
43.07 5289. 14 
44. 22 5457. 46 
50. 65 6411. 04 
44. 59 6377 . 10 
32. 23 44�7 . 48  
35. 96 4924. 25 
39. 58 5676. 59 
62. 31 8007. 81 
57.76 7470. 54 
65. 66 8187. 71 
55.80 7212. 37 
55.72 8180. 80 
50.92 7010 . 31 
53. 88 7601. 86 
53. 23 7131 . o6 
73. 97 9234. 81 
18 . 69 10202. 42 
?5. 49 9131. 13 
?4.65 9131. 95 
?4. 3? 102.50. 80 
69 .63 9833. 67 
75. 66 11373. 31 
88.72 12823. 10 
lb/a 
2o68 . 19 
194o.05 
1851. 48  
1771. 44 
2530. 65 
1173. 22 
14o3.36 
1161. 42 
5012.67 
4722. 45 
4872. 73 
5724. 15 
5693.84 
3988.82 
4396.66 
5068 . 39 
7149.83 
6670. 12 
7310.46 
6439.62 
7304. 29 
6259. 21 
6787. 37 
6367.02 
8245. 36 
9109.30 
8152. 80 
8153.52 
9152.50 
8780.o6 
10154.?4 
11429 . 20 
75 
Table Dl. Lea f analyses results. a 
Proposed 
Rate NaCl 
MT/ha Treatment Replication N b p K Ca Mg s b 
{t/a ) ,; 
Check I 2.37 0. 29 2o 49 0.71 0. 54 0. 098 
II 2 .. 69 0. 28 2 .82 0.57 0. 62 0. 170 
III 2.86 0. 26 2.59 o. 47 o. 42 0. 153 
IV 2.87 0. 24 2. 54 Oa 43 0. 56 0. 205 
44. 8  Lov I 2.86 0. 33 2. 56 0. 54 o. 45 0. 115 
( 20)  II 3.05 0. 34 2 . 35 o. 49 0. 39 0. 133 
III 2.93 0. 37 2.74 0. 51 0. 34 0. 133 
IV 3.05 0. 35 2 .77 0.58 0. 36 0. 133 
High I 2.71 0. 34 2. 47 o. 44 0.53 0. 115 
II 2.82 0. 35 2 .81 0. 63 o. 41 0. 123 
III 2.77 0.39 2. 6o 0. 54 o. 42 0. 14o 
r.v 2.91 0.29 2. 46 o.6o 0 . 39 o. 14o 
89. 6  Low I 3. 16 0.34 2 .67 o. 48 0 . 39 0. 14o 
( 40) II 2.88 0. 39 2.99 o . 48 o. 4o 0. 133 
III 3.o6 0. 35 2. 30 0 . 51 0. 29 0. 145 
IV 3. 11 0. 31 2 .37 0.57 0. 36 0� 145 
High I 3.02 o. 36 2 . 77 o ; 46  0 . 26 0. 125 
II 2.99 0.39 2.87 0. 58 0 . 38 0. 145 
III 3.08 0. '2:'/  2. 59 o. 43 0. 33 0. 125 
IV 3. 13 0.36 2. 48 0. 65 0. 38 0. 14o 
134. 4 Low I ·3. 38 0. 37 2. 54 0 . 53 0.34 0. 150 
( 6o) II 3. 22 0. 39 2. 78 0. 52 0. 32 0. 150 
III 3. 17 0. 35 2. 54 o . 41 0. '2:/ 0. 16o 
r.v 2.95 0. 32 2. 56 o. 45 0 . 34 o. 14o 
High I 2.76 0. 29 2.39 o. 6o 0. 28 0. 113 
II 3. 20 0. 39 2.70 0.52 0. 33 0. 150 
III 3. 32 0. 37 3. 17 o. 47 0. 28 0. 16o 
IV 3.03 0. 37 2 . 32 0. 50 0. 32 0. 153 
Continued 
Continued 
Proposed 
Rate NaCl 
MT/ha Treatment Replication N
b 
P K Ca Mg s
b 
Ct/a ) ----- � ------
179. 2  · · Low 
( 80)  
High 
I 
II 
III 
IV 
I 
II 
III 
IV 
3e 28 0. 29 
3. 31 0. 37 
2. 90 0. 37 
3 • .50 0. 35 
3.01 0. 35 
3. 17 0.37 
3. o6 0. 33 
3. 24 0. 35 
2.74 0,. 36 0. 25 o. 14o 
2. 73 o. 49 0. 30 o. 16o 
2.70 0. 54 0. 39 0. 153 
2. 59 o. 49 0. 33 0. 173 
2.71 o. 42 0. 26 0. 145 
2. 50 o. 41 0. 25 o. 14o 
2.52 0 . 54 0. 25 0. 160 
2. 34 o. 46 0. 26 0. 173 
aAll Na analyses were less than 0. 01%. 
b 
The tests for these elemen�s were done by the soil t esting laboratory 
at South Dakota State University. N-Kjeldahl S-Spectrophotometric 
with BaC12 
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Table D2. Leaf analyses results . 
Proposed 
Rate NaCl 
MT/ha Treatment Replication Mn Fe B C u  "Zn Al Sr Mo 
( t/a ) . ppm 
Check I 75 223 21 11 30 213 35 1.00 
II 67 242 25 12 26 231 39 0. 97 
III 47 233 23 13 27 207 36 o. 48 
IV 66 188 26 11 25 165 34 0. 83 
44. 8 Low I 152 218 21 11 31 196 34 0. 81 
( 20) II 210 2.50 29 12 35 188 34 0 . 82 
III 16? 245 25 11 39 221 36 o. 46 
IV 104 23? 24 11 24 216 32 0. 55 
High I 129 216 25 11 26 200 35 1. 15· 
II 104 233 21 11 29 212 33 0.59 
III 74 258 29 11 26 235 31 0. 92 
I.V 150 218 23 11 33 179 34 o. 44 
89. 6  Low I 127 232 21 11 32 193 36 o. 49 
( 4o) II 97 236 22 11 30 212 35 0. 53 
III 118 2.50 29 11 3P 216 33 0. 62 
I.V 14o 229 25 10 30 206 34 0. 38 
High I 189 246 26 11 37 196 31 0. 38 
II 13? 267 24 11 33 219 36 0. 52 
III 91 174 29 9 23 138 36 o. 42 
J.V 112 253 25 11 26 251 34 0. 82 
134. 4 Low I 304 280 3? 12 48 222 35 0. 54 
(6o) II 202 2.50 27 11 41 193 35 0. 57 
III 183 234 38 12 34 167 36 o. 47 
IV 112 252 25 11 27 244 31 o. 47 
High I 119 194 21 11 34 175 29 o. 4o 
II 224 270 30 11 47 226 34 0 • .50 
III 33? 252 30 11 50 196 34 0. 38 
IV 263 282 47 12 41 205 37 o. 48 
Continued 
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Continued 
Proposed NaCl 
Rate Treatment Replication Mn Fe B Cu Zn Al Sr Mo 
MT/ha ppm 
C t/a ) 
179. 2 Low I 202 195 28 10 31 142 32 0 .33 
(Bo)  II 225 264 33 12 47 204 34 0. 65 
III 146 2.50 26 11 32 214 36 0.77 
tv 141 282 25 9 35 Z"l9 32 o. 42 
High I 334 245 30 10 .51 214 31 0. 37 
II 290 264 4o 12 48 204 32 0. 55 
III 143 281 33 12 31 Z"l7 29 o. 42 
IV 34o 248 36 8 47 208 31 o. 49 
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Table El. The silage yields and ear corn yields for the waste rate 
and NaCl treatments. 
Proposed NaCl 15. 5% Moisture o.0% Moisture 
Rate Treatment Replication Far Corn Yield Silage Yield 
HT/ha hl/ha bu/a MT/ha t/a 
( t/a ) 
Check I 28. 22 32. 44 3 . 99 1 . 78 
II 37. 10 42. 65 3.76 1 . 68 
III 45. 88 52. 73 9 . �  4. 14 
IV 45. 66 52. 48 5. 64 2. 52 
44. 8  Low I 56 .. 88 65 .. 38 7. 71 3. 47 
( 20) Il 71. 93 82. 68 9. 16 4.09 
III 38.51 44. 26 8. 18 3. 65 
IV 53. 42 61. 4o 8 . 78 3. 92 
High I 30. 24 34.76 6.81 3 . 04 
II 6o.o6 69. 03 6. 52 2 .91 
III 18 . 58 21. 36 5.87 2 . 62 
IV 32. 20 37. 01 7 .68 3. 43 
89. 6  Low I 66. 48 76. 42 7 . 39 3 . 30  
( 40) II 55.00 63. 22 . 7 . 46 3. 33 
III 70. 96 81. 56 11. 36 5. 01 
IV 56. 84 65. 34 3. 94 1 . 76 
High I 67. 71 71. 83 6.54 2 .92 
II 52. 84 60. 74 8 .02 3. 58 
III 48. 68 55. 96 8 . 31 3 . 71 
IV 48.76 56. 05. 8 . 58  3.83 
134. 4 Low I 61 • .50 70. 69 7. 97 3 . 56 
( 6o)  II 55. o4 63. Z? 8.09 3 . 61 
III 44. 46  51. 11 4. 41 1 . 97 
IV .50.o6 57. 54 3 . 45 1 . 54 
High . I 61. 90  71. 15 6. 18 2.76 
II 82. 68 95. o4 7 . 75 3. 46 
III 46. 38 53. 31 6. 52 2 .91 
IV 53.02 6o. 94 6 .27 2.80 
Continued 
Bo 
Continued 
Proposed NaCl 15.5% Moisture · O. 0% Moisture 
Rate Treatment Replication Far Corn Yield Silage Yield 
MT/ha hl/ha bu/a MT/ha t/a 
C t/a ) 
179 . 2  Low I 69. 41 79.78 8. 47 3.78 
(80 )  II 63.78 73. 31 7 . o6 3 .15 
III 56. 12 6lt-. 51 7 .71 3. 44 
IV 59. 45 68 . 33 7. 48 3. 34 
High I 52. 33 60. 15 6 .18 2.76 
II 69. 16 79. 49 7 . 14 3. 19 
III 70. 60 81. 15 5.76 2.57 
IV 23. 46 26. 96 6 . 41 2.86 
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Table Fl. Soil analyses for plots receiving the low NaCl treatment 
and an average waste rate of 38. 52 MT/ha ( 17. 25 t/a ) .  
Season Depth Replication Exe Na Exe K m 
cm meq/100 g umhos/cm 
( ft )  
Fall 1973 0-30- 5 I 0. 13 0. 19 772 
( 0-1) II 0.77 o. 47 650 
III Oo05 o. 68 54? 
IV o.o4 0 . 58  760 
30. 5-61 . 0  I 0 .10 o. 41 45? 
( 1-2) II 0 . 18 0.59 1333 
III 0. 24 0 • .50 1134 
IV 0. 12 0. 34 1571 
61.0-91. 4 I 1. 29 0. 33 633 
( 2-3) II 0. 32 o. 43 3304 
III 0. 56 o. 68 4577 
IV 0. 33 0. 32 4942 
91. 4-152. 4 I 0. 39 0 . 37 47o8 
( 3-5) II 0. 50 o. 42 5946 
III o. 6o 0 . 52 . 7o6o 
IV 0. 36 0. 38 6647 
Fall 1974 0-30- 5 I 0.09 o. 4o 2322 
( 0-1 ) II 0. 21 1 . 23 3532 
III 0. 14 0.12 5.58 
IV 0. 15 l.o6 3261 
30. 5-61. 0  I 1.02 0. 35 642 
( 1-2) II 0. 22 0. 55 900 
III 0. 30  o. 66 1953 
IV 0. 23 o. 46 1632 
61. 0-91. 4  I 0. 62 o. 46 469 
{ 2-3) II 0.33 o. 44 3994 
III 0. 62 0.69 5644 
IV o. 49 0. 39 4505 
91. 4-152. 4  I 0.85 0. 31 5316 
{ 3-5) II 0.73 0. 29 4843 
III o. 6o 0.52 6551 
rv 0.57 o. 42 6ocn 
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Table F2. Soil analyses for plots receiving the high NaCl treatment 
and an average waste rate of 26. 92 MT/ha ( 12.02 t/a ) .  
Season Depth Replication Exe Na Exe K EC 
cm meq/100 g umhos/cm 
( ft )  
Fall 1973 . .  0-30-5 I 0.09 Oo 20 .568 
( 0-1) II o.w 0 . 25 536 
III 0. 10 0. 63 61 
'IV 0.05 0. 77 677 
30 . 5-61. 0  I 0.03 0. 35 551 
( 1-2) II o. 47 0. 37 1021 
III 0. 13 0. 54 542 
r.v 0. 12 o. 6o 875 
61. 0-91 . 4  I 0.93 o. 42 1645 
( 2-3 ) II 0. 58 0. 34 4584 
III 0. 25 o. 44 3022 
IV 0.28 0. 51 2822 
91. 4-152. 4 I o. 43 0. 52 4826 
( 3-5) II 0:.50 0. 34 8399 
III 0. 18 0. 33 . 2o83 
IV o. 4o 0. 37 4873 
Fall 1974 0-30-5 I 0. 16 o. 86 1545 
(0-1 ) II 0.18 0 .98 22o8 
III 0. 14 0.71 651 
IV 0 . 25 0. 95 3310 
30. 5-61.0 I 0. 14 o. 47 535 
( l-2) II 0. 23 o. 43 931 
III 0. 17 o. 49 634 
r.v 0. 25 0. 55 444 
61. 0-91. 4  I 0.55 0. 33 4735 
( 2-·3 )  II o. 48 0. 30 4557 
III 0. 34 0. 35 3810 
IV 0.55 0.71 4793 
91. 4-152. 4  I . 0 .69 0.83 48o8 
( 3-5) II o. 47 0. 26 7898 
III o. 43 0. 29 4768 
IV 0.71 o. 48 6194 
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Table F3. Soil analyses for plots receiving the low NaCl treatment 
and an average waste rate of 101 . 46  MT/ha ( 45.30 t/a ) .  
Season Depth Replication Exe Na Exe K :m 
cm meq/100 g umhos/cm 
( ft )  
Fall 1973 . 0-30- 5  I O. <Y/ 0.94 ?85 
(0-1) II 0.05 1 .05 .541 
III 0.03 0. 59 819 
IV O.Cfl 0.71 749 
30. 5-61. 0  I 0. 22 0. 59 2393 
( 1-2) II 0. 22 o. 6o 2374 
III o.oB o. 38 1625 
IV 0. 16 o. 42 1?82 
61.0-9L. 4  I 0. 35 o. 42 4534 
( 2-3) II o. 41 o. 48 l+o86 
III 0. 24 0 . 35 2947 
IV 0. 29 0.37 4195 
91. 4-152. 4 I 0 • .50 0 . 32 57"36 
( 3-5) II o. 43 o. 41 56Z7 
III 0. 30 o. 41 . .5010 
IV o. 40 0. 35 5484 
Fall 1974 0-30.5  I o.·26 1 . 5?  4804 
(0-1 ) II 0. 24 1 . 65 3283 
III 0. 22 1 . 20 3910 
IV 0.37 2.92 7496 
30. 5-61.0 I o. :;8 o. 46 2176 
( 1-2) II 0. 29 0. 52 1565 
III 0. 21 o. 44 1268 
IV 0. 22 o. 47 1328 
61 .0-91. 4 I 0. 62 0. 36 5349 
( 2�3)  II 0.70 o. 44 5228 
III 0. 28 0. 35 4824 
IV o. 43 0. 36 4166 
91. 4-152. 4  I . 0. 76 0. 29  7332 
( 3-5) II 0.70 o. 41 6758 
III 0. 15 0. 35 4245 
IV o. 45 0. 37 6274 
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Table F4. Soil analyses for plots receiving the high NaCl treatment 
and an average waste rate of 85. 32 MT/ha ( 38. 09 t/a ) .  
Season Depth Replication Exe Na Exe K :00 
cm meq/100 g umhos/cm 
( ft )  
Fall 1973 . 0-30- 5 I 0.06 o. 88 785 
( 0-1) II 0.04 0.90 541 
III 0.04 o. 68 819 
IV 0.02 o . 6o 749 
30. 5-61.0 I 0. 14 o. 48 2393 
( 1-2 ) II 0. 16 0. 69 2374 
III Oo Zl 0 • .50 1625 
IV 0"'09 o. 38 1782 
61. 0-91. 4  I 1 .75 0. 37 4534 
( 2-3) II 0.39 o. 49 4o86 
III 0. 10 0. 33 2947 
IV 0.23 0. 33 4195 
91. 4-152. 4  I 0. 28 0. 35 5736 
( 3-5) II o. 40  0. 39 56� 
III 0. 18 . 0. 39 . 5010 
IV 0.26 0. 34 5484 
Fall 1974 0-30.5 I o. 49 2.00 4804 
( 0-1) II 0. 23 1. 30 3283 
III 0. 36 l. Zl 3910 
IV 0. 35 1 . 30  7496 
30. 5-61.0 I 0. 23 0. 71 2176 
( 1�2) II 0 . 26 0. 52 1565 
III 0. 23 o. 44 1268 
IV 0. 17 o. 40 1328 
61.0-9L. 4 I 0.62 0. 51 5349 
( 2...;3 )  . II o. 45 0. 35 5228 
III o. 36 o. 46 4824 
"IV 0. 32 0. 35 4166 
91. 4-152. 4  I . o.Bo o. 47 7332 
( 3-5) II 0.53 0. 34 6758 
III o. 38 0. 39 4245 
"IV o. 44 0.35 6274 
Table F5. Soil analyses for plots receiving the low NaCl treatment 
and an average waste rate of 135. 20 MT/ha ( 6o. 38  t/a ) .  
Season Depth Replication Exe Na Exe K EC 
cm meq/100 g umhos /cm 
( ft )  
Fall 1973 . .  0. 30. 5 I 0. 17 0.69 438 
(0-1) II o.o6 l.o4 879 
III 0.04 0.72 618 
IV 0. 11 0.77 800 
30. 5-61.0  I 1. 31 0. 39 1034 
( 1-2) II 0.36 0. 62 1629 
III 0. '2:1 0. 58 1388 
IV O. Z'/ 0. 55 3085 
61. 0-910 4 I 0.39 o. 42 5339 
( 2-3) II o. 43 0. 56 4881 
III o. 46 o. 6o 58o2 
IV o. 44 0. 37 5724 
91. 4-152.4  I o. 43 0. 33 6218 
( 3-5) II 0. 36 0. 32 3149 
III o. 43 o. 49 . 6982 
'IV 0.61 o. 41 6467 
Fall 1974 0-30. 5  I 0. 37 3.02 7551 
(0-1) II 0.21 1. 49 3953 
III 0. 36 2. 26 5535 
IV 0. 59 3.09 6503 
30. 5-61. 0  I 0.31 o. 68 136o 
( 1-2) II 0. 22 0. 71 896 
III 0. 22 0.56 1489 
IV 0. 25 o. 48 2305 
61. 0-91. 4 I 0. 52 o. 42 4665 
c2�3> II 0. 53 o. 49 5397 
III 0. 30 . o.41 4656 
IV o. 40 0. 33 5088 
91. 4-152. 4  I 0.74 0 . 31 6238 
(3-5) II o.6o 0 . 29 57o8 
III o. 42 0. 33 5617 
IV o. 46 o. 41 5845 
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Table F6. Soil analyses for plots receiving the high NaCl treatment 
and an average waste rate of 119.70 MT/ha ( 53. 44 t/a ) .  
Season Depth Replication Exe Na Exe K F.C 
cm meq/100 g umhos./cm 
( ft ) 
Fall 1973 . 0-30- 5 I 0.05 0. 55 514 
( 0-1) II 0.06 1. 12 62.5 
III 0.05 o. 68 764 
IV 0.07 0. 73 1050 
30. 5-61 .. 0 I 0. 14 0. 29 456 
( 1-2)  II o • .58 o. 47 955 
III 0.14 0. 61 615 
IV 0.12 0. 56 1769 
61.0-91. 4  I 0.21 0. 37 783 
( 2-3) II 0.20 o. 41 2392 
III 0. 35 0. 69 1846 
IV 0. 24 o .46 5049 
91. 4-152. 4 I 0. 51 0 . 31 36o6 
( 3-5 ) II o. 46 0 . 51 5438 
III 0 • .50 o. 54 . 5122 
r.v 0. 31 0. 31 6103 
Fall 1974 0-30.5 I 0.59 2.07 - 5357 
( 0-1 ) II 0.52 1. 41 5302 
III 0.57 1.79 5466 
IV o. 48 1. 76 5700 
30. 5-61 .0 I 0.11 o. 38 773 
( 1-2 ) II 0. 21 o. 47 3324 
III 0. 25 0. 58 ?68 
IV 0. 18 o. 47 1978 
61. 0-91. 4  I 0. 34 0. 37 2516 
( 2.:..3 )  II o. 64 0. 29 5420 
III o. 45 · 0.75 4559 
IV 0. 24 0.32 4290 
91. 4-152. 4 I 0�78 0. 36 4689 
( 3-5) II 0.70 0. 29 7359 
III 0. 81 0.76 5851 
IV 0. 33 0.35 4999 
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Table F? .  Soil analyses for plots receiving the low NaCl treatment 
and an average waste rate of 169. 55 MT/ha ( 75. 70 t/a ) . 
Season Depth Replication Exe Na Exe K EC 
cm meq/100 g umhos/cm 
( ft )  
Fall 1973 . 0-30- 5  I 0.05 0. 93 549 
( 0-1) II 0.09 0. 92 1472 
III 0 .. 10 0.77 613 
IV 0.09 0.74 1058 
30. 5-61. 0 I 0. 11 o . 66 1000 
( 1-2) II o. 41 o . 64 4955 
I!I 0. 26 0.52 2229 
IV 0. 55 0. 58 3024 
61 .. 0-91. 4 I 0. 28 0 . 52 4491 
( 2-3) II 0. 57 0. 37 6261 
III 0. 33 0 . 32 618o 
IV o. 47 o. 42 8305 
91. 4-152. 4 I 0. 51 0 . 36 6567 
( 3-5) II 1. 22 0. 35 3366 
III o. 43 0. 31 . 5839 
IV 0. 39 o. 41 7574 
Fall 1974 0-30- 5 I 0. 31 2 . 38 3830 
(0-1 ) II o. 43 2 . 53 5414 
III 0.36 . 1 . 90 48?1 
IV 0. 23 1 . 89 5496 
30. 5-61.0  I 0 . 24 0. 80 1111 
( 1-2) II 0. 33 0. 50 2459 
III o. 45 0. 55 2414 
IV 0.34 o. 47 3170 
61. 0-91. 4  I 0. 36 0. 53 4172 
< 2�3 ) II o. 49 0 . 39 5072 
III o. 48 0. 33 4726 
IV o. 38 0. 30 5845 
91. 4-152. 4 I . 0.60 o . 38  6}28 
( 3-5) II 1.68 0. 30 6224 
III o. 6o o . 38  6o95 
IV 0. 18 0. 30  6585 
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Table F8. Soil analyses for plots receiving the high NaCl treatment 
and an average waste rate of 172. 69 MT/ha (77 . 10 t/a) . 
Season Depth Replication Exe Na Exe K m 
cm meq/100 g umhos/cm 
( ft ) 
Fall 1973 0-30.5  I 0.05 0.76 547 
(0-1 ) II Oa04 0.79 461 
III o.o6 o • .58 1688 
IV o.o8 0.70 625 
30. 5-61. 0  I 0. 25 o. 48 1024 
( 1-2) II 0. 16 o. 68 1580 
III 0. 22 0. 33 2398 
r.v O. 'Z'/ o. 49 2358 
61.0-91. 4 I o. 68 Oe72 4897 
( 2-3) II o. 49 0. 36 .5028 
III 0. 25 0. 34 3157 
IV 0. 29 0. 26 5908 
91. 4-152. 4 I 0. 57 0.37 8334 
( 3-5) II o. 48 0. 33 6o45 
III 0. 33 0. 36 . 4142 
IV 0.30 0. 32 5783 
Fall 1974 0-30- 5 I 0.58 2. 15 5855 
( 0-1 ) II o.48 1. 99 6511 
III 0.74 2.09 6517 
IV o.46 1. 50 . 5183 
30. 5-61.0 I 0.31 0.78 1288 
( 1-2) II o. -z? 0.83 l.288 
III 0. 20 0. 37 1782 
r:v 0.28 0 • .54 3238 
61.0-91. 4 I 0. 59 0.61 492.5 
( 2.-3) II 0. 35 0 • .54 4446 
III 0. 34 0. 37 3137 
IV o. 44 0. 36 5785 
91. 4-152. 4  I 0.- 62 o. 38 ?o86 
( 3-5) II o. 45 o. 42 4966 
III o. 4o 0. 34 4408 
IV 0. 34 0. 35 6666 
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Table Gl. The mean values for Exe Na , Exe K , and EC for the main 
effects. 
Season 
Exe Na Exe K F.c 
meq/lOOg meq/lOOg · umhos/em 
Fall 1973 0.09 Oo71 720 
Fall 1974 . 0.35 1. 67 4430 
Waste Rate 
Proposed 
Rate Exe Na Exe K EC 
MT/ha ( t/a ) meq/lOOg meq/lOOg umhof/em 
44.8  ( 20 )  0. 16 0 . 67 1372 
89. 6  ( 4o) 0. 18 1 . 23 2566 
134. 4 (6o)  o. � 1.45 3193 
1?9. 2  (80)  0. 26 1.41 3168 
NaCl Treatment 
Exe Na Exe K EC 
meq/lOOg meq/lOOg · ullhos/cm 
Fall 1973 0 . 20 1. 29 2636 
Fall 19?4 0 .23 1.09 2513 
Table G2. The mean values for Exe Na , Exe K ,  and m for the Season 
by Waste Rate interaction. 
Proposed 
Rate Season Exe Na Exe K F£ 
MT/ha meq/lOOg meq/lOOg ·umhos/cm 
Ct/a)  
44.8 Fall 1973 0. 16 o. 47 571 
( 20 )  
Fall 1974 0. 16 o.86 2173 
89. 6  Fall 19?3 0.05 0.79 718 
( 4o) 
Fall 1974 0. 32 1. 66 4415 
134. 3 Fall 1973 0.0? 0. 79 714 
( 6o) 
Fall 1974 o. 46 2. 11 5671 
179. 2 Fall 1973 0.07 0.77 877 
( 80) 
Fall 1974 o.45 2.05 546o 
91 
Table G3. The mean values for Exe Na , Exe K ,  and :Bx: for the Season 
by NaCl Treatment interaction.  
NaCl 
Season Treatment Exe Na Exe K PX: 
meq/lOOg meq/lOOg umhos/cm 
Fall 1973 Low 0. 12 0.74 753 
High 0 .. 06 o. 68 687 
Fall 1974 Low 0. 28 1 . 84 4520 
High o. 41 1. 51 4339 
·92 
Table G4. The mean values for Exe Na , Exe K, and :Ex: for the Waste 
Rate by NaCl Treatment interaction. 
Proposed NaCl 
Rate Treatment Exe Na Exe K EC 
MT/ha meq/lOOg meq/lOOg ·umhos/cm 
(t/a ) 
44.8  Low 0. 20 0. 67 1550 
( 20 )  
High 0. 13 0. 67 1194 
89. 6  Low 0. 16 1. 34 2798 
( 40) 
High 0. 20 1. 12 2335 
134. 4 Low 0. 24 1. 64 3285 
(6o) 
High 0 . 30 1. 26 3101 
179 . 2  Low 0. 21 1. 51 2913 
( 80)  
342) High 0. 31 1. 32 
Table· G5. 
Proposed 
Rate 
MT/ha ( t/a ) 
44.8 ( 20) 
89. 6  ( 4o) 
134. 4 (60)  
179 . 2  (80)  
The mean values for Ex e  Na , Exe K ,  an d  EC for the Season by Waste Rate by NaCl Treatment 
interaction. 
NaCl Fall 1973 Fall 1974 
Treatment Exe Na Exe K EC Exe Na Exe · K m 
- meq/lOOg - · umhos/em - meq/lOOg - umhos/em 
Low 0 . 25 o.48 682 0. 15 0.85 2418 
High o.o8 o.46 46o 0. 18 o.88 1928 
Low o.o6 0.82 . 724 0. '2:1 L,86 4873 
High 0. 04 0. 76 713 0. 36 1. 47 3956 
Low 0. 10 0.80 683 o. 38 2. 46 5886 
High 0.06 0.77 745 0. 54 1.76 5456 
Lov o.o8 o.84 923 o. :;3 2. 18 4903 
High o.o6 0.71 830 0. 56 1.93 6o16 
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